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NOVEL PYRRHOCORICIN-DERIVED PEPTIDES, 
AND METHODS OF USE THEREOF 

This invention was supported in part by National Institute of Health grant Nos. 
5 GM4501 1 . The United States government has an interest in this invention. 

Field of the Invention 

The invention relates generally to novel peptides; more specifically, the 
invention relates to compositions and methods for killing bacteria or fiingus or treating 
bacterial, fungal or other microbial infections with pyrrhocoricin-based peptides, 

10 Background of the Invention 

In the continuing search for new compounds that can break drug resistance in 
bacterial infections of humans and other mammalian species, certain anti-bacterial 
peptides and glycopeptides isolated fi*om insects have been noted as promising 
candidates for drug development [D. Hultmark, Trends Genet .. 9:178-183 (1993); J. 

15 P. Gillespie et al, Annu. Rev. Entomol. . 42:61 1-643 (1997)]. See, also. International 

Patent Application No. WO94/05787, published March 17, 1999; French patent No. 
2733237, granted Oct. 25, 1996; International Patent Application No. WO99/05270, 
published February 4, 1999; International Patent Application No. WO97/30082, 
published August 21, 1997; French patent No. 2695392 granted March 11, 1994 and 

20 French patent No. 2732345, granted October 4, 1996. 

While many anti-bacterial peptides from other origins kill bacteria by disrupting 
the cell membrane or cell wall, some of the insect-derived anti-bacterial peptides have 
an unusual mode of action, i.e., they bind to a currently unknown, stereospecific target 
molecule [P. Bulet et al, Eur. J. Biochem . 238:64-69 (1996)]. Two such peptides are 

25 drosocin, a 19 amino acid residue peptide from species of Drosophila [P. Bulet et al, L 

Biol. Chem. - 268(20): 14893-14897 (1993)] and pyrrhocoricin, a 20 amino acid residue 
peptide from species of Pyrrhocoris [S. Cociancich et al^ Biochem. J. . 300 :567-575 
(1994)]. Drosocin and pyrrhocoricin are glycopeptides characterized by the presence 
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of a disaccharide in the mid-chain position. The presence of the sugar increases the in 
vitro anti-bacterial activity of drosocin, but decreases the activity of pyrrhocoricin [P. 
Bulet et al, 1996, cited above; R. HoflSnann et al, Biochim. et Biophvs Acta 
2426:459-467(1999)]. 

5 Drosocin is moderately active against Gram-positive bacteria. When the native 

glycosylated drosocin is injected into mice, the glycopeptide shows no anti-bacterial 
activity, probably due to the peptide's rapid decomposition in mammalian sera 
[HoflSnann etal, 1999, cited above]. While drosocin needs 12-24 hours to kill bacteria 
in vitro, it is completely degraded in diluted human and mouse serum within a four- 

10 hour period. Both aminopeptidase and carboxypeptidase cleavage pathways 

(decomposition at both ends) can be observed. 

Native pyrrhocoricin is also a glycosylated peptide. Pyrrhocoricin is more 
active against Gram-negative bacteria than drosocin, but the peptide is almost 
completely inactive against Gram-positive strains. Native pyrrhocoricin appears to be 

1 5 more resistant to mouse serum degradation than drosocin, but decomposes quickly in 

some batches of human serum. 

Metabolites from serum stability assays of drososin and pyrrhocoricin were 
identified, and the metabolites, lacking as few as five amino terminal or two carboxy 
terminal amino acids are inactive [Bulet et al, 1996 and Hofl&nann et al, 1999, both 

20 cited above). This is further supported by a recent model of the bioactive secondary 

structure of drosocin, which identifies two reverse turns, one at each terminal region, 
as binding sites to the target molecule [A. M. McManus et al, Biochem. , 38(2) : 705- 
714 (1999)]. The situation is fiarther complicated by the fact that the degradation 
speed and pathway of a given peptide in diluted mouse sera are somewhat different 

25 from those observed in diluted human sera. Even diflFerent batches of human sera 

degrade the peptides at different rates and may yield diflFerent metabolites in vitro. The 
peptide's stability is markedly increased in insect hemolymph where the peptides 
manifest their biological functions [Hofl&nann et al, 1999, cited above]. 

There exists a need in the art for novel anti-bacterial and anti-fiingal 

30 compounds, novel anti-bacterial and anti-fungal pharmaceutical compositions and 
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methods of use thereof, and novel compounds which can be employed in drug 
screening analyses to detect new pharmaceutical antibiotics. 

Summary of the Invention 

In one aspect, the invention provides a modified peptide which has anti- 
5 bacterial or anti-fimgal activity, and has the formula [SEQ ID NO: 1]: 

R^-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-De-Tyr-X'-Y'-R^, 
wherein is a moiety having a net positive charge; 
wherein R^ is selected from the group consisting of a free hydroxyl, an 
an^de, an imide, a sugar and a sequence of one or up to about 15 additional amino 
10 acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar. These 

additional amino acids are independently selected from L-configuration or D- 
conJBguration. These additional amino acids may be capable of forming a cyclic 
peptide by linkage to the N-terminal amino acid. Such an amino acid may be modified 
by the insertion of a sugar, imide groups and the like. These additional amino acids 
1 5 may also form spacers to cyclize the peptide by bridging between the N- and C- termini 

of the peptide; 

wherein X and Y form a dipeptide, which is Ser-Tyr or is a dipeptide 
formed of naturally occurring amino acids or unnatural amino acids, the dipeptide 
being resistant to cleavage by endopeptidases; and wherein X' and Y' form a 

20 dipeptide, which is Asn-Arg, or is a dipeptide formed of naturally occurring amino 

acids or unnatural amino acids, the dipeptide being resistant to cleavage by 
endopeptidases, each. In one preferred embodiment, this peptide is a cyclic peptide in 
which R^ and/or R^ form an amino acid spacer (which is preferably a sequence 
duplicating at least a portion of the pyrrhocoricin peptide) linking the N- and C- 

25 terminal amino acids of the above formula. The peptides of this formula include 

modified peptides in which one or more conventional amide bonds between amino 
acids is replaced with a bond resistant to a protease, such as a thio-amide bond or a 
reduced amide bond. Further a variety of muhimeric peptide constructs are included in 
this invention. 
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In a further aspect, the invention provides a composition comprising multiple 
peptides of the formula above in a variety of multimeric constructs. Such 
compositions containing one or more peptides of this invention may optionally contain 
a pharmaceutically acceptable carrier. 
5 In another aspect, the invention provides an isolated nucleic acid molecule 

comprising a nucleotide sequence encoding the anti-bacterial or anti-fungal peptide or 
multimeric compositions of the invention in operative association with a regulatory 
sequence directing the expression thereof in a host cell. In yet a fiirther aspect, the 
invention provides a host cell transfected or transformed with the above-described 

10 nucleic acid molecule. 

In another aspect, the invention provides a method of treating a mammalian 
bacterial or fungal infection comprising administering to a mammal having said 
infection an effective anti-bacterial or anti-fungal amount of a phzirmaceutical 
composition described herein. 

15 In yet another aspect, the invention provides a method for designing anti- 

bacterial or anti-fungal pharmaceutical compounds. In one embodiment, this method 
employs a peptide or multimeric construct described herein in a computer modeling 
program to design a compound which mimics the structure and biological effect of said 
peptide. In another embodiment, the method employs a peptide or multimeric 

20 construct described herein in an assay or computer program for identifying the 

peptide's receptor on a selected bacterium. 

In another aspect the invention provides a screening method for identifying test 
compounds which compete with the peptides or multimeric compositions of this 
invention for binding to the unknown receptor on the pathogen. Thereafter, test 

25 compounds which compete with the peptides or multimeric constructs of this invention 

for the receptor are identified and screened for anti-bacterial or anti-fiingal use. 

In yet a further aspect, the invention provides novel compositions identified or 
produced by the methods described above. 

Other aspects and advantages of the present invention are described further in 

30 the following detailed description of the preferred embodiments thereof 
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Brief Description of the Drawings 

Fig. 1 is a graph illustrating the degradation of de-glycosylated pyrrhocoricin 
(Peptide #1) and a modified pyrrhocoricin peptide of this invention, i.e., l-aminocyclo- 
hexane carboxylic acid (Chex)-Pyrrhocoricin-P-acetyl-2,3-diamino propionic acid 
5 [Dap(Ac)] (Peptide #21) in 25% mammalian sera over time. The different symbols 

illustrate the pyrrhocoricin or modified peptide in mouse sera (m), in year-old human 
sera (hi) and in the month-old human sera (h2). The modified peptide is described in 
detail below in Example 1 . The degradation assay is described below in Example 4. 

Fig. 2 is a graph indicating the results of an in vivo anti-bacterial activity of de- 
10 glycosylated pyrrhocoricin (Peptide #1) and (Chex)-Pyrrhocoricin-(Dap (Ac)) (Peptide 

#21), Three mice per group were used for toxicity (broken lines), and five mice per 
group were used for efficacy (solid lines). Five additional mice were infected with E. 
coli for negative controls and received 5% dextrose (DS5) instead of test peptides. 
The results are plotted as Days vs. Survival (which is defined as the time measured 
15 fi-om the start of the experiment until the animal is dead or shows clinical signs of 

infection). The symbols are as follows: 

„o— for 50 mg/kg pyrrhocoricin, toxicity assay control; 

— •-- for 50 mg/kg Chex-pyrrhocoricin-Dap(Ac), toxicity assay control; 

—I— for E. coli infection, no peptide, as a positive control for infection; 
20 A for 10, 25, and 50 mg/kg Chex-pyrrhocoricin-Dap(Ac) as test peptides afl:er 

infection; 

V for 50 mg/kg pyrrhocoricin as test peptide after infection; and 
A for 10, 25 mg/kg pyrrhocoricin as a test peptide after infection. 
Fig. 3A is a summary of NOE connectivities for de-glycosylated pyrrhocoricin. 
25 The intensities are indicated by the thickness of the line. 

Fig. 3B is a summary of NOE connectivities for the native pyrrhocoricin 
containing a Gal-GalNAc disaccharide moiety of Thr 1 1 (Peptide #2). The intensities 
are indicated by the thickness of the line. 

Fig. 3C is a graph showing the deviations fi*om the oH chemical shifts fi-om 
30 their 'random coil" values for de-glycosylated pyrrhocoricin (Peptide #1), indicated as 
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a black bar, and for its native counterpart, containing a Gal-GalNAc disaccharide 
moiety of Thr 1 1 (Peptide #2), indicated by a striped bar. The random coil values are 
corrected for sequence specific shift of 0.29 ppm for residues preceding Pro. 

Detailed Description of the Invention 

5 The present invention provides modified peptides and multimeric compositions 

of such peptides having anti-bacterial or anti-fiingal activity. The peptides are 
structurally based on the naturally occurring glycosylated peptide, pyrrhocoricin. The 
peptides and/or multimeric peptide constructs of this invention, which are modified to 
delete the mid-peptide glycosylation, are characterized by the high anti-bacterial or 
10 anti-fiingal potency in vitro of the unmodified pyrrhocoricin peptide, and provide good 

metabolic stability in mammalian serum. 

v4. Peptides of the Invention 

According to this invention, preferred anti-bacterial or anti-fimgal 
peptides based on pyrrhocoricin are defined by the following formula 
1 5 R^- Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-X'-Y'-R^ [SEQ 

ID NO: 1]. As used in the above formula, the N-terminal is any moiety which can 
provide a net positive charge on the N-terminus of the modified peptide. 

Thus, for example, R^ may be selected fi^om one or more of the 
following groups: 

20 (a) a straight chain, branched, cyclic or heterocyclic alkyl group, 

(b) a straight chain, branched, cyclic or heterocyclic alkanoyl group, 

(c) a positively charged reporter group; and/or 

(d) one or up to 15 additional amino acids independently selected fi'om 
L-configuration or D-configuration amino acids, optionally substituted with a straight 

25 chain, branched, cycUc or heterocyclic alkyl group, a strmght chain, branched, cyclic or 

heterocyclic alkanoyl group, or a reporter group. The amino acids may be naturally 
occurring amino acids or unnatural amino acids, such as D configuration amino acids, 
or amino acids which are capable of cyclizing the peptide by attachment to a carboxy 
terminal amino acid. The amino acid may be fiirther modified by the insertion of 
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modifying sugars, imide groups and the like. These amino acids may also form 
spacers, as described below, to cyciize the peptide by bridging between the N- and C- 
termini of the peptide. A variety of methods for producing non-natural amino acids are 
known and may be selected by one of skill in the art. 
5 In one example of the (a) group above, the positively charged 1- 

aminocyclo-hexane carboxylic acid (Chex) is employed as R^ In an embodiment of 
(d), the B} group is formed by one or more positively charged amino acid residues or 
amino acid sequences. For example, may be a single positively charged amino acid 
such as L-Val- or D-Val-. may be a sequence of amino acids with a net positive 

10 charge, such as Arg-Val-, Lys-Val-, Lys-Val-Asp-Lys-Val- [SEQ ID NO: 5], and 

-Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- [SEQ ID NO: 3]. In still other 
embodiments, such additional amino acids are modified by an acetyl group, providing 
that a net positive charge results. Some examples of these R^ groups are Acetyl- Arg- 
Val-; Acetyl-Lys-Val-; and Acetyl-Lys-Val-Asp-Lys-Val- [SEQ ID NO: 29]. 

15 Acetylation alone with Val has been found to extinguish the positive charge. 

In still other embodiments of peptides falling within this formula, the R* 
group is a positively charged moiety which can function as a reporter group (c) for 
detection purposes. A reporter group may be defined as a moiety which is capable, 
alone or in concert with other compositions or compounds, of providing a detectable 

20 signal. The reporter may be interactive to produce a detectable signal. Most desirably, 

the reporter is detectable visually, e.g. colorimetrically. A variety of enzyme systems 
have been described in the art which will operate to reveal a colorimetric signal in an 
assay. As one example, glucose oxidase (which uses glucose as a substrate) releases 
peroxide as a product. Peroxidase, which reacts with peroxide and a hydrogen donor 

25 such as tetramethyl benzidine (TMB) produces an oxidized TMB that is seen as a blue 

color. Other reporters include horseradish peroxidase (HRP) or alkaline phosphatase 
(AP), and hexokinase in conjunction with glucose-6-phosphate dehydrogenase which 
reacts with ATP, glucose, and NAD-*- to yield, among other products, NADH that is 
detected as increased absorbance at 340 nm wavelength. 
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Other reporter molecules that may be utilized in the methods of this 
invention are biotin-avidin, fluorescent compounds such as fluorescein, green and blue 
fluorescent proteins; and radioactive compounds or elements, such as radioactive 
iodine, and the like. For example, in some peptides of this invention the group is 
5 the reporter biotin bound to a lysine-valine dipeptide by a covalent bond. Still another 

peptide of this invention contains a R* (d) group which is a reporter group covalently 
bonded to one or more amino acid residues, resulting in a net positive charge, for 
example, a 5(6) carboxyfluorescein fiinctionalized-Lys-Val-. Such reporters for 
attachment to the N-termini of the peptides of this invention may be readily selected 
10 from among numerous compositions known and readily available to one skilled in the 

art of diagnostic assays. The above-listed reporters are understood to be non- 
exclusive. 

Still other peptides of this invention are cyclic peptides, and in these 
peptides, R^ is an amino acid "spacer". Spacers are sequences of greater than 3 amino 

15 acids which are interposed between the normal N-terminus and C-terminus of the 

modified pyrrhocoricin. These spacers permit linkage therebetween without imposing 
any adverse restraint upon the molecular structure. Spacers may also contain 
restriction endonuclease cleavage sites to enable separation of the sequences, where 
desired. Desirably, spacers duplicate a portion of the pyrrhocoricin peptide. Suitable 

20 spacers or linkers are known and may be readily designed and selected by one of skill 

in the art. In one embodiment, an amino acid spacer is greater than 5 amino acid 
residues in length. In a preferred embodiment, the amino acid spacer is greater than 10 
amino acid residues in length. The amino acid residues in the spacer may be a 
sequence of any natural or unnatural amino acids. In an exemplary spacer, the inventor 

25 incorporated a sequence which duplicated part of the native pyrrhocoricin, e.g. -Arg- 

Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- [SEQ ID NO: 3]. The Val in this R^ group is 
linked to the N-terminal Asp of the formula and the N-terminal amino acid of R^ is 
linked by a covalent bond to the C-terminal amino acid of R^. 

The R^ group of peptides of the above formula may be a free hydroxyl, 

30 an amide, an imide, a sugar, or a sequence of one or up to about 15 additional amino 
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acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar. The 
amino acids may be naturally occurring amino acids or unnatural amino acids, such as 
D configuration amino acids. The additional amino acids may be capable of forming a 
cyclic peptide by attaching to an amino terminal amino acid. These amino acids may 
5 also be modified by insertion of a sugar, imide groups and the like. These additional 

amino acids may also form spacers, as described above for R\ to cyclize the peptide by 
bridging between the N- and C- termini of the peptide. A variety of methods for 
producing non-natural amino acids are known and may be selected by one of skill in 
the art. For example, in some peptides, is D-Asn, L-Asn, Asp, or Asn-R^, wherein 

10 R^ is a sugar. In some embodiments R^ is 2-acetamido-2-deoxyglucose; in other 

preferred embodiments, the R^ is triacetyl 2-acetamido-2-deoxyglucose. In other 
embodiments of the peptides of this invention R^ is a p-acetyl-2,3-diamino propionic 
acid group (DAP(Ac)). 

In this formula, X-Y represent two adjacent amino acids which are 

15 either Ser-Tyr, or are adjacent amino acids which are resistant to cleavage by 

endopeptidases. In this formula, X*-Y' represent two adjacent amino acids which are 
Asn-Arg, or are adjacent amino acids which are resistant to cleavage by 
endopeptidases. Still other peptides according to the above formula are characterized 
by having at least one, and preferably more, amino acids altered to the corresponding 

20 D amino acid. 

The peptides of this formula include modified peptides in which the 
amino acids may be connected by conventional amide bonds. Alternatively, modified 
peptides include those in which one or more of the natural or unnatural amino acids 
may be connected by bonds resistant to proteases, such as, a thioamide bond or a 
25 reduced amide bond. Such modifications of the bonds between amino acids may 

change the conformation of the peptide. Other backbone-modifications of these 
peptides are also anticipated to improve proteolytic stability and yield analogs with 
slightly modified activity spectrum. Such modifications include those described for 
another anti-bacterial peptide in J. E. Oh et al, J Peptide Res. . 54:129-136 (1999). 
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Preferably, one or more of said peptides is a synthetic peptide fiised to a second 
moiety, which moiety enhances the bioavailability of said peptide. 
B. Multimeric Compositions of the Invention 

In another embodiment, muhiple peptides of the formula described 
5 above may be organized in multimeric constructs or compositions. For example, 

optional amino acids (e.g., -Gly-Ser-) or other amino acid or chemical compound 
spacers may be included at the N - or C - termini of the peptides for the purpose of 
linking two or more peptides together or to a carrier. This composition may take the 
form of one or more of the above-described peptides expressed as a synthetic peptide 

10 coupled to a carrier protein. Alternatively, a composition may contain multiple 

peptides, each expressed as a multiple antigenic peptide, optionally coupled to a carrier 
protein. Alternatively, the selected peptides may be linked sequentially and expressed 
as a recombinantly produced protein or polypeptide. As one embodiment, multiple 
peptides are linked sequentially, with and without spacer amino acids therel>etween, to 

15 form a larger recombinant protein. Alternatively, the recombinant protein may be fused 

in frame with a carrier protein. 

In one embodiment of a multimeric construct containing at least two of 
the above-defined peptides (which may be the same or different peptides of the 
formula), one peptide is attached to any amino acid of the other peptide(s). Any 

20 number of additional peptides may be attached to any amino acid of the other peptides 

in the composition. In another embodiment of a multimeric composition containing at 
least two peptides, the second or additional peptides are attached to a branched 
construct of the other peptides in the composition. Alternatively, each additional 
peptide is covalently linked to of another peptide in the composition. 

25 In another embodiment of a multimeric construct or composition 

containing at least two of the peptides, at least one or more of the peptides is attached 
to a carrier. In another embodiment, one or more of said peptides is a synthetic 
peptide fused to a carrier protein. Still alternatively multiple of the above-described 
peptides with or without flanking sequences, may be combined sequentially in a 

30 polypeptide. The peptides or this polypeptide may be coupled to the same carrier, or 
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different peptides may be coupled individually as peptides to the same or a difiFerent 
immunologically inert carrier proteins. 

Suitable carrier proteins may enhance stability or delivery, improve the 
production, or change the activity spectrum of the peptide. As a few well-known 
5 examples, such carrier moieties may be human albumin, polyethylene glycol, other 

biopolymers or other naturally or non-naturally occurring polymers. In one 
embodiment, the moiety is desirably a protein or other molecule which can enhance the 
stability of the peptide. One of skill in the art can readily select an appropriate 
conjugation moiety. 

10 One desirable example of a multimeric composition according to this 

invention has the structure of a multi-(peptide [SEQ ID NO: 4]) construct as follows: 

NH2 

r-'^^M— C-Asp-Lys<51y5cr-Tyr-Uu-Pro-Arg-Pro-Thr-Pro-^^ 



CH2 

NH 

NH2 c=o 



C — Asp-Lys-GIy-Ser-Tyr-Leu-Pn>Ai^-Pro-Thr-Pix>-Pro-Arg-Pro-ne-T^^ — CH-CH2-NH-COCH3 



In yet another embodiment, the peptides may be in the form of a 
muhiple antigenic peptide ("MAP")- Such a construct may be designed employing the 
MAP system described by Tam, Proc. Natl. Acad. Sci. USA, 85:5409-5413 (1988). 

15 This system makes use of a core matrix of lysine residues onto which multiple copies 

of the same peptide of the invention are synthesized as described [see, e.g., D. Posnett 
et al, J Biol Chem. . 263(4): 1719-1725 (1988)]. Each MAP contains multiple copies 
of one or more of the peptides or this invention. One embodiment of a MAP contains 
at least three, and preferably four or more peptides. One preferred embodiment 

20 contains a P-alanine substituent on the poly-lysine core. One particularly desirable 

multiple antigenic complex has the formula 



Peptide^ 

/Lys, 

Peptide 



Peptide^ 

/Lys" 
Peptide 



Xys-P-Ala 
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In one preferred embodiment of this stmcture, each peptide is the same and is 
[SEQIDNO: 10]: 



NH2 

a-> 



C— Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro41e-Tyr-Asn-Arg-Asn 
O 



One of skill in the art may readily make any number of multimeric constructs 
from the peptides of the formula identified above with resort to only conventional skills 
5 and knowledge in light of this specifiication. All such multimeric compositions and 

constructs are intended to be included in this invention. 
C Methods of Production 

Such peptides and multimeric compositions may be produced 
synthetically or recombinantly by conventional methods. Specific embodiments of 
10 pyrrhocoricin-derived anti-bacterial/anti-fixngal peptides of this invention are disclosed 

in detail in Example 1 below. Preferably, the peptides of the invention are prepared 
conventionally by knovsoi chemical synthesis techniques. Among such preferred 
techniques known to one of skill in the art are included the synthetic methods 
described by Merrifield, J Amer. Chem. Soc . 85:2149-2154 (1963) or as detailed in 
15 Example 1. 

Alternatively, the peptides or multimeric compositions of this invention 
may be prepared by knovm recombinant DNA techniques by cloning and expressing 
within a host microorganism or cell a DNA fragment carrying a nucleic acid sequence 
encoding one of the above-described peptides. Coding sequences for these peptides 

20 can be prepared synthetically [W. P. C. Stemmer et al. Gene . 164:49 (1995)]. Coding 

sequences can be derived from bacterial RNA by known techniques, or from available 
cDNA-containing plasmids. Conventional molecular biology techniques, and site- 
directed mutagenesis may be employed to provide desired peptide sequences. Nucleic 
acid sequences encoding these peptides may be used in cloning and expressing the 

25 peptide compositions of this invention in various host cells well known in recombinant 

technology, e.g., various strains ofE, coli. Bacillus, Streptomyces, and 
Saccharomyces, mammalian cells, (such as Chinese Hamster ovary cells (CHO) or 
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COS-1 cells), yeast and insect cells or viral expression systems, such as baculovirus 
systems. The selection of other suitable host cells and methods for transformation, 
culture, amplification, screening and product production and purification can be 
performed by one of skill in the art by reference to known techniques. See, e.g., 
5 Gething and Sambrook, Nature . 223:620-625 (1981). When produced by 

conventional recombinant means, the peptides of this invention may be isolated either 
fi-om the host cell by conventional lysis techniques or fi-om cell medium by 
conventional methods, such as chromatography. See, e.g., Sambrook et al, Molecular 
Cloning . A Laboratory Manual .. 2d ed., Cold Spring Harbor Laboratory, New York 
10 (1989). 

The resulting peptide or multimeric construct is screened for antibiotic 
or antifungal efficacy and/or metabolic stability by in vitro and in vivo assays, such as 
those described in the examples and in the art. These peptides generally have 
"significant" metabolic stability in mammalian serum, i.e., the peptides are stable for at 
15 least 2 hours in serum. More preferred peptides are stable for at least 4 hours in 

serum. Still more preferred peptides of this invention are stable in serum for greater 
than 8 hours. 

D. Pharmaceutical Compositions of the Invention and Methods of 
Treatment 

20 The compositions of this invention are designed to treat infection by the 

selected bacterium or fiingus of an infected mammal, e.g., human. At least one, or 
alternatively, several of the peptides or multimeric constructs of the present invention 
may be formulated into an anti-bacterial or anti-fimgal composition with a 
pharmaceutically acceptable carrier and other optional components. For use in such 

25 compositions, the selected peptide may be produced preferably synthetically, but also 

recombinantly, as disclosed above. 

The peptides may be employed in pharmaceutical compositions 
individually. Alternatively, for the purposes of enhancing pharmacokinetics or 
bioavailability without eliciting inmiune responses, one or more peptides may be fused 
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or conjugated to other moieties as described above. Any number of single peptides or 
multiineric constructs may be mixed together to form a single composition. 

As pharmaceutical compositions, these compositions are admixed with 
a pharmaceutically acceptable vehicle or carrier suitable for administration as a protein 
5 composition. These peptides may be combined m a single pharmaceutical preparation 

for administration. Suitable pharmaceutically acceptable carriers for use in a 
pharmaceutical proteinaceous composition of the invention are well known to those of 
skill in the art. Such carriers include, for example, saline, buffered saline, liposomes, 
oil in water emulsions and others. The compositions may further include a detergent 

10 to make the peptide more bioavailable, e.g., octylglucoside. The present invention is 

not limited by the selection of the carrier or detergent. 

Alternatively, the pharmaceutical compositions may be delivered as 
nucleotide sequences or may contain sequences which express the peptide or proteins 
of the invention in the host cell, which peptides are then secreted from the host cells. 

15 Suitable vehicles for direct DNA, plasmid nucleic acid, or recombinant vector 

administration include, without limitation, saline, sucrose, protamine, polybrene, 
polylysine, polycations, proteins, or spermidine, etc. [See e.g. International Patent 
Application No. WO94/01 139]. 

Pharmaceutical compositions of this invention may contain other active 

20 agents, such as conventional antibiotics, such as vancomycin [see, e.g.. International 

Patent Application No. WO98/40401, published March 10, 1998, incorporated by 
reference herein]. Alternatively, pharmaceutical compositions may be administered 
with other anti-pathogenic molecules or antibiotic compounds, such as conventional 
anti-flmgals, e.g., itraconazole. 

25 The pharmaceutical compositions may also be formulated to suit a 

selected route of administration, and may contain ingredients specific to the route of 
administration [see, e.g.. Remington: The Science and Practice of Pharmacy, Vol. 2, 
19* edition (1995)]. The preparation of these pharmaceutically acceptable 
compositions, from the above-described components, having appropriate pH 

30 isotonicity, stability and other conventional characteristics is within the skill of the art. 
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A method of treating a mammalian bacterial or fiingal infection involves 
administering to an infected mammal an effective 2mti-bacterial or anti-fiingal amount 
of a pharmaceutical composition described above. The method is useful in the 
treatment of infection caused by a Gram negative bacterium or Gram positive 
5 bacterium, such as those specifically identified in Example 2. The method may also be 

useful to treat fungal infections of the skin, nails, mucus membranes and intestines, 
e.g., candidiasis. 

According to this invention, a pharmaceutical composition as described 
above may be administered by any appropriate route, but preferably by a route which 

10 transmits the peptide directly into the blood, e.g., intravenous injection. Other routes 

of administration include, without limitation, oral, intradermal, transdermal, 
intraperitoneal, intramuscular, intrathecal, subcutaneous, mucosal (e.g., intranasal), and 
by inhalation. If administered in the form of a nucleic acid preparation, e.g., wherein 
the sequence of the peptide is expressed in a recombinant viral vector or as naked 

15 DNA in a plasmid, the route is preferably intramuscular. 

The amount of the protein, peptide or nucleic acid sequences of the 
invention present in each anti-bacterial effective dose is selected with regard to 
consideration of the pathogen causing the infection, the severity of infection, the 
patient's age, weight, sex, general physical condition and the like. The amount of 

20 active component required to induce an effective anti-bacterial or anti-fungal effect 

without significant adverse side effects varies depending upon the pharmaceutical 
composition employed and the optional presence of other components, e.g., 
antibiotics, anti-fungals and the like. Generally, for the compositions containing 
protein/peptide, or fusion protein, each dose will comprise between about 50 jig 

25 peptide/kg patient body weight to about 10 mg/kg. A more preferred dosage may be 

about 500 jig/kg of peptide. A more preferred dosage may be greater than 1 mg/kg or 
greater than 5 mg/kg. Other dosage ranges may also be contemplated by one of skill in 
the art. For example, dosages of the peptides of this invention may be similar to the 
dosages discussed for other peptide antibiotics, such as drosocin, although the peptides 

30 of this invention appear to be more potent than drosocin. See e.g.. International Patent 
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Application Nos. WO94/05787, WO99/05270, WO97/30082; and French patent Nos. 

2733237, 2695392 and 2732345, among others. It has been noted for de-glycosylated 

pyrrhocoricin, that a dosage of about 50 mgs/kg body weight, enhances the infection. 

It has been surprisingly discovered that an anti-bacterial and/or anti-fiingal effect 
5 results from administration of a dosage of deglycosylated pyrrhocoricin of less than 25 

mgs/kg body weight, or preferably less than 10 mg/kg body weight. 

Initial doses of the modified pyrrhocoricin of this invention may be 

optionally followed by repeated administration for a duration selected by the attending 

physician. Dosage frequency may also depend upon the factors identified above, and 
10 may range from 1 to 6 doses per day for a duration of about 3 days to a maximum of 

no more than about 1 week. 

E. Use of the Peptides of this Invention in Drug Design, Screening and 

Development 

The peptides and polynucleotide sequences of the present invention 

15 may also be used in the screening and development of chemical compounds, small 

molecules or proteins which minndc the structure or activity of the peptides of this 
invention, and thus have utility as therapeutic drugs for the treatment of bacterial or 
fiingal infections. These peptides may also be employed in assays to identify and 
isolate the stereospecific receptor located on the microorganisms against which the 

20 peptides are effective and with which they interact to achieve their anti-bacterial or 

anti-fiingal effect. Identification of this receptor may also permit use of a variety of 
known techniques to design and develop other drugs having the anti-bacterial or anti- 
fungal effect of the peptides of this invention. 

In one such embodiment, the peptides are employed in a suitable 

25 competitive assay method with test compounds to assess the ability of the test 

compound to competitively displace the peptide from binding to its presently unknown 
receptor on the pathogen. The steps of such a competitive assay may be readily 
determined by one of skill in the art. Where desired, and depending on the assay 
selected, a microorganism (e.g., bacterium or fungus) to which the selected peptide(s) 

30 are known to bind, e.g., E, coli strains, may be immobilized directly or indirectly on a 
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suitable surface, e.g., in an ELISA format. Such immobilization surfaces are well 
known. For example, a wettable inert bead may be used. Further, the liggmd may be 
bound to a 96 well plate. Thereafter selected amounts of the test compounds and the 
peptides of this invention are exposed to the immobilized microorganism and those test 
5 compounds selected which can compete with the peptides for binding to the 

immobilized microorganism. Once those test compounds which compete with the 
peptides for binding to the receptor on the bacteria or fungi are identified, they may be 
further screened for anti-bacterial or anti-fungal activities in the methods described in 
the examples below. It is within the skill of the art to prepare other conventional assay 

10 formats for identification of test compounds which compete with the peptides of this 

invention for binding to the unknown receptor. 

Still another assay enables isolation of the receptor and thus the testing 
and identification of new peptides when the receptor is known. A selected peptide, 
such as the Biotin-K-pyrrhocoricin (Peptide 18) may be mixed with a French-pressed 

15 lysate ofE. coli and the mixture incubated overnight. The mixture is centrifiiged and 

the supernatant is loaded onto an agarose column to which an anti-biotin monoclonal 
antibody is conjugated. The column-bound receptor (and the attached biotin-K- 
pyrrhocoricin peptide) is eluted with a glycine buffer (pH 2. 1). The full-sized receptor 
or its tryptic firagments are submitted to peptide sequencing and mass spectrometry. 

20 Alternatively the anti-biotin monoclonal antibody can be replaced with avidin or 

streptavidin. Yet another way is to couple other reporter groups to the pyrrhocoricin 
or Lys-pyrrhocoricin peptides, and isolate the receptor by using a monoclonal antibody 
or other specific binding partner to the reporter group. 

Once the receptor is identified, it can be used to identify peptides other 

25 then pyrrhocoricin or its analogs that bind to that receptor. The following method may 

be used to verify the identity of the receptor. Preferably the peptides carry a 
fluorescing or fluoresceinating reporter group, such as fluorescein-Lys-pyrrhocoricin 
(Peptide 19), A 2 nM solution of fluorescein-labeled test peptide is mixed with a PBS 
solution of the receptor in which the concentration of the receptor varies from 1 nM 

30 to 100 ^iM. The binding curve is measured by fluorescence polarimetry. 
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The identity of the receptor is not essential to the performance of such 
assays. Identification of useful anti-bacterial/anti-fiingal test compounds permit the 
screening and development of identification, e.g., the screening of combinatorial 
libraries, of non-peptide antibiotics which mimic the activity of a peptide of this 
5 invention. 

Other assays and techniques also exist for the identification and 
development of compounds and drugs which mimic the structure or activity of a 
peptide of this invention. These include the use of phage display system for expressing 
the peptide(s), and the use of a culture of transfected E. coli or other microorganism to 

10 produce the peptides for binding studies of potential binding compounds. See, for 

example, the techniques described in G. Cesarini, FEBS Letters . 307(1 ):66-70 (July 
1992); H. Gram et al, J. Immunol. Meth. . 161:169-176 (1993); C. Summer et al, Proc. 
Natl, Acad. Sci.. USA, 89:3756-3760 (May 1992), incorporated by reference herem. 

Other conventional drug screening techniques may be employed using 

15 the peptides and poljmucleotide sequences of this invention. As one example, a 

method for identifying compounds which specifically bind to a peptide of this invention 
can include simply the steps of contacting a selected peptide with a test compound to 
permit binding of the test compound to the peptide; and determining the amount of test 
compound, if any, which is bound to the peptide. Such a method may involve the 

20 incubation of the test compound and the anti-bacterial/anti-fiingal peptide immobilized 

on a solid support. 

Typically, the surface containing the immobilized ligand is permitted to 
come into contact with a solution containing the peptide and binding is measured using 
an appropriate detection system. Suitable detection systems include the streptavidin 

25 horse radish peroxidase conjugate, direct conjugation by a tag, e.g., fluorescein. Other 

systems are well known to those of skill in the art. This invention is not limited by the 
detection system used. 

Another method of identifying compounds which specifically bind to the 
peptides of this invention can include the steps of contacting the peptide, immobilized 

30 on a soUd support with both a test compound and a proposed receptor for the peptide 
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to permit binding of the receptor to the peptide; and determining the amount of the 
receptor which is bound to the peptide. 

The peptides of the present invention are also useful in assays to 
identify the stereospecific receptor with which these peptides interact to produce their 
5 anti-bacterial effect. Such assays and the identification of the receptor enable 

additional screening of further pathogens against which the peptides or test compounds 
as identified above are effective peptides and/or pharmaceutical compounds that bind 
the same receptor and have an antibiotic effect. 

A compound which has structural similarity to the peptide, or the 
10 binding portion of the peptide to the receptor may also be computationally evaluated 

and designed by means of a series of steps in which chemical entities or fi-agments are 
screened and selected for their ability to associate with the peptides of this invention. 
One skilled in the art may use one of several methods to screen chemical entities or 
fragments for their ability to mimic the structure of these peptides and more 
15 particularly to identify the peptide structure that binds with the stereospecific receptor 

of pyrrhocoricin. This process may begin by visual inspection of, for example, a three 
dimensional structure of the peptides of this invention on the computer screen. 
Selected fi"agments or chemical entities may then be positioned in a variety of 
orientations to determining structural similarities, or docked, v^thin a putative binding 
20 site of the peptide. 

Specialized computer programs that may also assist in the process of 
selecting fragments or chemical entities similar to the peptides, or entities which can 
interact with the peptides and thus mimic the receptor, include the GRID program 
available firom Oxford University, Oxford, UK. [P. J. Goodford, M Computational 
25 Procedure for Determining Energetically Favorable Binding Sites on Biologically 

Important Macromolecules\ J Med. Chem. . 28:849-857 (1985)]; the MCSS program 
available fi-om Molecular Simulations, Burlington, MA [A. Miranker and M, Karplus, 
''Functionality Maps of Binding Sites: A Multiple Copy Simultaneous Search 
Method\ Proteins: Structure, Function and Genetics . 11:29-34 (1991)]; the 
30 AUTODOCK program available from Scripps Research Institute, La JoUa, CA [D. S. 
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Goodsell and A. J. Olsen, ''Automated Docking of Substrates to Proteins by Simulated 
Annealing', Prptgins : StTucture, Funct ion, ^nd Qen^ticg, 8:195-202 (1990)]; and the 
DOCK program available from University of California, San Francisco, CA [I. D, 
Kuntz at al, 'A Geometric Approach to Macromolecule-Ligand Interactions'\ J. Mol. 
5 Biol. , 161:269-288 (1982)], and software such as Quanta and Sybyl, followed by 

energy minimization and molecular dynamics with standard molecular mechanics force 
fields, such as CHARMM and AMBER. Additional commercially available computer 
databases for small molecular compounds include Cambridge Structural Database, Fine 
Chemical Database, and CONCORD database [for a review see Rusinko, A., Chem. 

10 Pes. Auto. News. 8:44-47 (1993)]. 

Once suitable chemical entities or fragments have been selected, they 
can be assembled into a single compound or inhibitor. Assembly may proceed by 
visual inspection of the relationship of the fragments to each other on the three- 
dimensional image displayed on a computer screen in relation to the structure of the 

15 peptide. Usefiil programs to aid one of skill in the art in connecting the individual 

chemical entities or fragments include the CAVEAT program [P. A. Bartlett et al, 
"CAVEAT: A Program to Facilitate the Structure-Derived Design of Biologically 
Active Molecules", in Molecular R ecognition in Chemical and Biological Problems". 
Special Pub., Royal Chem. Soc. 78, pp. 182-196 (1989)], which is available from the 

20 University of California, Berkeley, CA; 3D Database systems such as MACCS-3D 

database (MDL Information Systems, San Leandro, CA) [see, e.g., Y. C. Martin, "3D 
Database Searching in Drug Design", T Med. Chem. . 35:2145-2154 (1992)]; and the 
HOOK program, available from Molecular Simulations, Burlington, MA. 

Compounds that mimic a peptide of this invention may be designed as a 

25 whole or ''de novo'' using methods such as the LUDI program [H.-J. Bohm, "The 

Computer Program LUDI: A New Method for the De Novo Design of Enzyme 
Inhibitors", J Comp. Aid. Molec. Design . 6:61-78 (1992)], available from Biosym 
Technologies, San Diego, CA; the LEGEND program [Y. Nishibata and A. Itai, 
Tetrahedron , 47:8985 (1991)], available from Molecular Simulations, Burlington, MA; 

30 and the LeapFrog program, available from Tripos Associates, St. Louis, MO. Other 
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moleculsir modeling techniques may also be employed in accordance with this 
invention. See, e.g., N, C. Cohen et al, "Molecular Modeling Software and Methods 
for Medicinal Chemistry", J Med Chem. . 33:883-894 (1990). See also, M. A. Navia 
and M. A. Murcko, "The Use of Structural Information in Drug Design", Current 
5 Opinions in Structural Biology . 2:202-210 (1992). For example, where the structures 

of test compounds are known, a model of the test compound may be superimposed 
over the model of the peptide of the invention. Numerous methods and techniques are 
known in the art for performing this step, any of which may be used. See, e.g., P.S. 
Farmer, Drug Design . Ariens, E.J., ed.. Vol. 10, pp 1 19-143 (Academic Press, New 

10 York, 1980); U.S. Patent No. 5,331,573; U.S. Patent No. 5,500,807; C. Verlinde, 

Structure , 2:577-587 (1994); and I. D. Kuntz, Science . 257:1078-1082 (1992). The 
model building techniques and computer evaluation systems described herein are not a 
limitation on the present invention. 

Thus, using these computer evaluation systems, a large number of 

15 compounds may be quickly and easily examined and expensive and lengthy biochemical 

testing avoided. Moreover, the need for actual synthesis of many compounds is 
effectively eliminated. 

Once identified by the modeling techniques, the proposed "new anti- 
bacterial or anti-fungal" compound may be tested for bioactivity using standard 

20 techniques, such as the in vitro assay of Example 2 below. Suitable assays for use 

herein include, but are not limited to, the assays shown below in the examples to detect 
the anti-bacteri£il effect of the peptides of this invention. However, other assay formats 
may be used and the assay formats are not a limitation on the present invention. 

The following examples illustrate various aspects of this invention. 

25 These examples do not limit the scope of this invention which is defined by the 

appended claims. 

EXAMPLE 1: PRODUCTION OF PEPTIDES OF TfflS INVENTION 

Modified pyrrhocoricin peptides were designed by conventional peptide 
synthesis techniques. Peptides were assembled on solid-phase using a Milligen 9050 
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continuous flow automated peptide synthesizer on a Fmoc-PAL-polyethylene glycol- 
polystyrene copolymer resin with an initial load of 0.17 mmole/g (PerSeptive 
Biosystems, Warrington, UK) using standard Fmoc chemistry [G. B. Fields et al, Jnt. J. 
Pept Protein Res. . 35:161-124 (1990)]. A 4-molar excess of the acylating amino acids 
5 and l-hydroxy-V-azabenzotriazole uronium salt (HATU) activation were used, as 

recommended for the synthesis of complex peptides [Y. Angell et al. Tetrahedron 
Lett .. 35:5891:5894 (1994)]. The side chain protecting groups were trityl for Asn, 
tert'hntyl ether for Tyr, Ser and Thr, /erz-butyl ester for Asp, 2,2,5,7,8-pentamethyl- 
chroman-6-sulfonyl for Arg, and /er/-butyloxy-carbonyl for Lys. A glycosylated Asn 

10 residue was incorporated in the same maimer as unmodified amino acids. Fmoc 

diaminopropionic acid (Bachem Biosciences) was acetylated with equimolar amounts 
of pentafluorophenyl acetate prior to peptide synthesis and was used for peptide 
assembly without any further purification. The glycopeptides were synthesized firom 
commercially available glycoaminoacid building blocks, including Fmoc-Thr [Gal(Ac4)- 

15 GalNAc(Ac2)]-OH and Fmoc-Asn[GlcNAc(Ac3)]-OH (Novabiochem, San Diego, Ca). 

Peptides were cleaved fi*om the soUd support by TFA in the presence of 7w-cresol 
(5%), ethane-dithiol (2.5%), thioanisole (5%), and water (5%) as scavengers for 2-3 
hours. Deacetylation of the sugar hydroxyl groups was accomplished by a 2 minute 
treatment with 0. 1 M NaOH. After cleavage, peptides were purified by reversed phase 

20 high performance liquid chromatography (RP-HPLC). The final products were 

characterized by amino acid analysis and matrix assisted laser desorption>^ionization 
(MALDI-MS) by standard methods. Mass spectra verified the anticipated composition 
of the peptides. 

The modifications of the unmodified pyrrhocoricin according to this invention 
25 include - terminal and C- terminal modifications to protect the peptide fi-om 

exopeptidase cleavage. Two endopeptidase cleavage sites were identified, i.e., 
between Ser5 and Tyr6 and between AsnlS and Argl9. Other modifications include 
providing a positive charge at, or near, the native amino terminus, and inserting 
unnatural, glycosylated or D- amino acid residues to the - and C-termini to improve 
30 stability in serum. Still other modifications to the pyrrhocoricin are cyclizing the 
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peptide to prevent cleavage by exopeptidases. Replacing conventional amide bonds 
between one or more amino acids in the sequence with bonds less sensitive to cleavage 
by proteases, e.g., thioamidie bonds or reduced amide bonds, is also a desirable 
modification. Such a modification of bonds can desirably occur between Ser5 and Tyr 
5 6 or between Asnl8 and Argl9, or at both sites. Still other sites in the sequence may 

be so modified. 

The native unmodified pyrrhocoricin contains on the 11*^ amino acid residue 

Thr of pyrrhocoricin, the sugar, galactose (Gal) -2-acetamido-2-deoxy-galactose 

(GalNAc), as follows: 

10 Gal-GalNAc 

1 5 10 I 15 

Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-A^^ 

20 

Asn [SEQ ID NO: 2 ]. For use in the following assays, native pyrrhocoricin is 

15 referred to as Peptide 2. 

The modifications of the de-glycosylated (non-native) pyrrhocoricin amino acid 
sequences which provide peptides of this invention as well as control (inactive) 
peptides, appear in the sequences below in bolded, italicized print for ease of review. 
These peptides are identified by the following peptide numbers throughout the 

20 examples. In the modified peptides 1, and 3-25 below, all amino acids were of the L- 

configuration, except for peptides 12 and 13, in which the indicated amino acids were 
of the D-configuration. All carbohydrates were of the D-configuration. The following 
peptides are modified versions of pyrrhocoricin, of which Peptides 1,3-6, 8-12, and 
17-24 are novel anti-bacterial peptides of this invention; and Peptides 7, 13-16 and 25 

25 are modified inactive peptides shown for comparative purposes. 

Active, modified Peptide 1 is a pyrrhocoricin which is deleted in the naturally 
occurring mid-chain glycosylation, but which has the following 20 amino acid 
sequence: 

Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg- 
30 Asn [SEQ ID NO: 6]. 
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Active, modified Peptide 3 has the sequence: 
^ccO'/-Lj5-Kfl/-y4s/i-L;?5-Val-Asp-Lys-Gly-Ser-Tyr-LeU"^^ 
Arg-Pro-Ile-Tyr-Asn-Arg-Asn [SEQ ID NO: 7]. 

Active, modified Peptide 4 has the sequence: 
5 y4ceO^/-y4r^-VaI-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-^^ 
Tyr-Asn-Arg-Asn [SEQ ID NO: 8]. 

Active, modified Peptide 5 has the sequence: 
y4ccO^/-Z.>rj-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-^ 
Tyr-Asn-Arg-Asn [SEQ ID NO: 9], 
10 In the active, modified Peptide 6, the moiety is 1-aminocyclo-hexane 

carboxylic acid. The sequence is 



NH 

a: 



NH2 

C-Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-De-Tyr-Asn-Ai^ 



[SEQ ID NO: 10]. 

Inactive Peptide 7 is acetylated on its N-terminus and retains the galactose-2- 
acetamido-2-deoxy-galactose (Gal-GalNAc) modifying the 1 1* amino acid of native 
15 pyrrhocoricin. The sequence is: 

GaUGalNAc 

I 

y4ce/y/-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 

Tyr-Asn-Arg-Asn [SEQ ID NO: 1 1]. 
20 Active, modified Peptide 8 has the positively charged N-terminal acetyl-lysine 

group, and a C-terminal imide group which cyclLzes the 20^ amino acid residue and has 
the sequence [SEQ ID NO: 12]: 

o 



^cc0'/-i:>'5-Val-Asp-Lys-Oly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pio-Pro-^ 



-6 
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Active, modified Peptide 9 has a positively charged N-terminal acetyl-Lysine 
and a P-acetyl-2,3-diamino propionic acid group (Dap Ac) in the L configuration 
attached to the 19**^ aniino acid residue with the 20*^ amino acid residue eliminated. 
The sequence is: 

5 y4ccO^/-JLj?s-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-A^^ 

Tyx-Asn-Ax^-NH-CH-CONHj [SEQ ID NO: 13]. 
/ 

CHrNH'COCHs 

Active, modified Peptide 10 has a positively charged N-terminal acetyl-Lysine 
10 and a 2-acetamido-2-deoxyglucose (GlcNAc) group modifying the 20* amino acid 

residue on the C-terminus. The sequence is: 

y<c^/|;/-Z.j5-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 

Tyr-Asn-Arg-Asn [SEQ ID NO: 14]. 
/ 

15 GlcNAc 

Active, modified Peptide 1 1 has an N-terminal acetyl-Lysine and a triacetyl-2- 
acetaniido-2-deoxyglucose (Ac3 -GlcNAc) group modifying the 20'*' amino acid residue 
on the C-terminus. The sequence is: 

y4ceO^/-ij5-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 

20 Tyr-Asn-Arg-Asn [SEQ ID NO; 1 5]. 

/ 

Ac3-GlcNAc 

Peptide 12 is a somewhat active modified peptide having the first amino acid 
residue Val in the D configuration, and the 20 amino acid Asn in the D configuration, 
25 with the sequence: 

Z)-Fa/-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr.Asn- 
Ax2rD-Asn [SEQ ID NO:16]. 

Inactive Peptide 13 is a pjorhocoricin without the midchain glycosylation and 
with all amino acid residues in the D configuration: 
30 Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg- 
Asn [SEQIDNO:26] 



25 



wo 00/78956 PCT/USOO/16989 



Inactive Peptides 14 and 15 are 9 and 1 1 amino acid fragments, respectively, of 
pyrrhocoricin, having the sequences: 

Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg [amino acids 1-9 of SEQ ID NO: 6] and 
Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-Asn [amino acids 10-20 of SEQ ID NO: 
5 6, deleted of glycosylation]. 

Inactive Peptide 16 is a cyclic peptide in v/Mch the spacer is an additional Lys- 
Val dipeptide residue joining the N-terminal amino acid to the negatively charged (pre- 
cyclization) C- terminal amino acid. This spacer restricts the structure of the peptide. 
This peptide has the sequence as follows: 

Lys- Kfl/- Asp-Ly s-Gly 

Asp Ser 
I I 
Arg Tyr 

Asn Leu 

I I 

Tyr Fid 

I I 

lie Arg 

Pro-Arg Pro-Thr-Pro 
Pro 

10 [SEQ ID NO: 17]. 

The most active of the peptides of this invention is modified Peptide 17, which 
is a cyclic non-glycosylated peptide. In this peptide, a lysine residue was added to the 
amino terminus of the peptide, which is cychzed with an 8 residue spacer between the 
original N- and C-termini. The spacer corresponds to the middle domain (amino acid 

15 residues 7-14) of pyrrhocoricin and is incorporated backwards to remain in register 

v^th the original copy of this fragment. This arrangement retained with native 
orientation of the bioactive domains, i.e., the original termini. This peptide has the 
sequence as follows: 
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A rg'PrO'Pro-Thr'PrO'Arg'Pra'Leu 

I i 

- Asn Lys 

Arg Val 

^Asn Asp 

Tyrv^ I 

ne Lys 

I r 

Pro Gly 

I I 

Arg Ser 

Pro-Pro-Thr-Pro-Arg-Pro-Leu— Tyr 

[SEQIDNO:18]. 

Active, modified Peptide 18 has a positively charged biotin-Lys-Val group 
attached at the N-terminus, and having the sequence: 

5itirf«-Z.j?s-Ka/-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-^ 
5 Tyr-Asn-Arg-Asn- [SEQ ID NO:19]. 

Active modified Peptide 19 has a positively charged group with a reporter 
sequence attached at the N-terminus, and having the sequence: 
S(6)'Carboxyfluorescein-LyS'Val'AspAjys-G\y~S^v~Tyr-l^^^^ 
Pro-Arg-Pro-IIe-Tyr-Asn-Arg-Asn- [SEQ ID NO:20]. 
10 Weakly active, modified Peptide 20 has the positively charged Acetyl-Lys-Val 

attached at the N-terminus, and replaces the C-terminal Asparagine with Aspartic acid. 
The sequence is: 

y4ceO^/-Lj;5-Fa/-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Il^ 
Tyr-Asn-Arg.^s/?- [SEQ ID NO:21]. 
15 Active, modified Peptide 21 has an group of l-aminocyclo-hexane 

carboxylic acid, and having attached at the C-terminus in place of the 19**" amino acid 
Asn, a P-acetyl-2,3-diamino propionic acid group in the L configuration. The 
sequence is: 



NH2 



C-Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Ai^-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn-Arg-A^Zr^ 
O CHtNH-COCHs 
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[SEQ ID NO: 22]. 

The active, modified Peptide 22 has an Acetyl-Arg group attached to the N- 

tenninal Val, and having attached at the C-terminus in place of the 20* amino acid 

Asn, a P-acetyI-2,3-dianiino propionic acid group in the L configuration. The 

5 sequence is: 

^ccO^Z-^r^-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 

Tyi-Asn Axg-NH'CH'CONH^ [SEQ ID NO:23]. 
/ 

CHrNH-COCH^ 

10 Inactive Peptide 23 has the group 1-aminocyclo-hexane carboxylic acid, and 

replaces Ser5 and Tyr6 with Ala5 and Phe6. Attached at the C-terminus in place of 
the 19* amino acid Asn is a p-acetyl-2,3-diamino propionic acid group in the L 
configuration. The sequence is [SEQ ID NO:24]: 

r^'^'^H — C— Asp-Lys-Gly-yl/a-PA^-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr- 

O CH2-NH'COCHs 

Active Peptide 24 has attached at the C-terminus in place of the 20* amino acid 
15 Asn, a p-acetyl-2,3-diamino propionic acid group in the L configuration: 

Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn- 

Arg'NH'CH-CONH^ [SEQ ED NO:25]. 
/ 

CHrNH-COCHs 

20 Inactive Peptide 25 is a fi-agment of pyrrhocoricin having the sequence: 

Val- Asp-Ly s-Gly-S er-Tyr-Leu-Pro- Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr- Asn [amino 
acids 1-18 of SEQ ID NO: 6]. 

These peptides are tested in some or all of the following assays of Examples 2- 
4 below. 

25 EXAMPLE 2: IN VITRO ANTI-BACTERIAL ACTIVITY OF THE PEPTIDES 

Growth inhibition assays were performed using the peptides of Example 1 and 
the Gram positive microorganisms Micrococcus luteus and Bacillus megaterium, and 
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the Gram negative microorganisms, Escherichia coli D22^ Agrobacterium 
tumefaciens^ and Salmonella typhimurium. Anti-bacterial assays were performed in 
sterilized 96-well plates (Nunc F96 microtiter plates) with a final volume of 100 jil as 
described in Bulet (1996), cited above. Briefly, 90 ^1 of a suspension of a 
5 midlogarithmic phase bacterial culture at an initial 600 nm UV absorbence of 0.001 in 

Luria-Bertani rich nutrient medium was added to 10 ^1 of serially diluted peptides in 
sterilized water. The final peptide concentrations ranged between 0. 15 and 80 jiM. 
The plates were incubated at 30°C for 24 hours with gentle shaking, and the growth 
inhibition was measured by recording the increase of the UV absorbence at 600 nm on 

10 an SLT Labinstruments 400 ATC microplate reader. The experiments were conducted 

over a 7-month period. 

Table 1 reports the inhibitory concentrations (IC50) of each peptide #1 to #25 
[SEQ ED NOS: 2 and 6-26] identified in Example 1 against each above-indicated 
microorganism. IC50 is defined as the concentration in at which 50% growth 

15 inhibition of the indicated microorganism is observed. To assess the variability of the 

assay. Peptide 22 [SEQ ID NO: 23] was reassayed afl:er 3 months of the original date, 
and both the original (a) and 3 month (b) results are reported in the table. No activity 
up to 80 nM concentration is indicated by an IC50 greater than 10 is essentially 
evidence of an inactive peptide. 
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TABLE I: 




in against 








micrococcus 
btteus 


MJUClllUS 

megdterium 


J7*C/^ Jiff ^l"f /* Jt f /T 

coliD22 


■'^o •*•/#• 

tumefadens 


typhimurium 




1 


10 


5 


<0.075 


<0.075 


0.6 


5 


2 


- 


40 


0.3 


0.3 


2.5 




3 


80 


- 


0.3 


10 


5 




4 


5 


- 


0.6 


2.5 


2.5 




5 


40 


- 


0.6 


5 


40 




6 


5 


10 


0.3 


1.25 


2.5 


10 


7 


- 


- 


10 


- 


- 




8 


5 


20 


0.3 


1.25 


2.5 




9 


10 


40 


0.6 


1.25 


1.25 




10 


40 


- 


0.6 


5 


2.5 




11 


40 


40 


0.6 


2.5 


20 


15 


12 


10 


- 


0.6 


2.5 


5 




13 


40 


- 


- 


- 


- 




14 


- 


- 


- 


- 


- 




15 


- 


- 


- 


- 


- 




16 


- 


- 


- 


- 


- 


20 


17 


0.6 


2.5 


0.6 


2.5 


5 




1 Q 
15 


c 

-> 




<0 IS 




1.25 




1 o 






J 




40 




on 
ZU 








40 

•TV/ 






9 1 


10 


40 


0.6 


5 


2.5 


25 


22 
dJb 


10/10 


40/80 


0.3/0.3 


2.5/0.6 


2.5/2.5 




23 


5 


40 


20 








24 


5 


20 


<0.3 


<0.3 


<0.3 




25 
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The two putative binding sites cannot be separated (see. Peptides 14 and 15) 
[aa 1-9 and aa 10-20, respectively of SEQ ID NO: 6]. An equimolar mixture of 
shorter Peptides 14 and 15 remained inactive in all five bacterial strains studied. An 
analog made of only D-amino acids was similarly inactive (Peptide 13) [SEQ ID NO: 
5 26], indicating that pyrrhocoricin binds stereospecifically to a target protein. The N- 

terminus of the native glycopeptide (Peptide 7) [SEQ ID NO: 11] could not be blocked 
without a major loss of anti-bacterial activity. Pjnrhocoricin analogs containing labels 
and an additional lysine at the N-terminus (Peptides 18 and 19) [SEQ ID NOS: 19 and 
20] retain biological activity. 

10 The results in Table 1 demonstrate several additional characteristics of the 

modified peptides of this invention vs. the unmodified Peptides 1 and 2 [SEQ ID NO: 
6 and 2, respectively]. The differences in the IC50 values between the results for 
Peptide 22 [SEQ ID NO: 23] in two performances of the assay (at time a and 3 months 
later at time b) demonstrate the variability of the assays. In general, modifications at 

15 either termini reduced the potency of unmodified pjmhocoricin. From the N- or C- 

terminally modified peptides, the modifications of a 1-aminocyclo-hexane carboxylic 
acid at the amino terminus and a P-acetyl-2,3-diamino propionic acid group at the 
carboxy-terminus retained most of the anti-bacterial activity. In a preferred 
embodiment for drug development, both termini are modified to block or at least retard 

20 exopeptidase cleavage. Peptides containing modifications at both termini featured 

acetylation together with positively charged amino acid addition, incorporation of 
unnatural amino acids, such as Chex or Dap(Ac), glycosylation, imide formation, D- 
amino acid substitution or cyclization. Examples of desirable peptides having 
modifications at both termini are Peptides # 8, 9, 10, 1 1, 12, 13, 16, 17, 21, and 22 

25 [SEQ ID NOS: 12-16, 26, 17, 18, 22 and 23, respectively]. 

Considering the time of the assay and the requirement for submicromolar 
activity against at least one strain. Peptide 1 [SEQ ID NO: 6], Peptide 17 [SEQ ID 
NO: 18], Peptide 21 [SEQ ID NO: 22] and Peptide 22 [SEQ ID NO: 23], described 
above in Example 1 were selected for fiirther studies, which include normal cell 

30 toxicity and semm stability assays followed by in vivo eflBcacy studies. These peptides 
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show remarkable activity against Gram negative bacteria. The best analog for killing 
Gram-negative and Gram-positive bacteria (e.g., wide spectrum activity) is cyclic 
Peptide 17, which demonstrated a broad activity spectrum at low micromolar 
concentrations. 



5 EXAMPt^E 3 : ASSAYS FQR TOXICITY TO MAMMALIAN CELLS 

A. Hemolytic Activity 

To determine whether native and modified pyrrhocoricin peptides were 
toxic to mammalian cells, several peptides firom Example 1 above, a positive control, 
and a negative control were examined for hemolytic activity. Hemolytic activity was 
10 assayed with sheep erythrocytes suspended in Alsever's solution (BioWhittaker, 

Walkersville, MD), and diluted withDulbecco's phosphate-buflFered saline, pH 7.2. 
Thirty ^L of a 1% suspension of the red blood cells was incubated with agitation at 
39°C with SOjiL of 40 to 256 of each of the following peptides dissolved in 
phosphate buffered saline for one hour and centrifiiged at 1000 g for five minutes. 
1 5 Fifty ixL of the supernatant was collected and the release of hemoglobin was detected 

by measuring the ultraviolet absorbences of triplicate samples of the 40 jiM or 256 jiM 
test peptides and the control peptides at 405 nm. 

The peptides tested in this assay were Peptide 1, Peptide 21, Peptide 
22, and Peptide 23 [SEQ ID NOS: 6, 22, 23 and 24, respectively] fi-om Example 1. 
20 The positive control was melittin, which has the sequence: 

Gly-Ile-Gly-Ala-Val-Leu-Lys-Val-Leu-Thr-Thr-Gly-Leu-Pro-Ala-Leu-Ile-Ser-Trp-ne- 
Lys-Arg-Lys-Arg-Gbi-Ghi-amide (Bachem, King of Prussia, PA) [SEQ ID NO:27]. 
The negative control was peptide 3 ID, a T helper cell epitope [Ertl et al, J. Virol.. 
63:2885-2892(1989)] having the sequence: Ala-Val-Tyr-Thr-Arg-He-Met-Met-Asn- 
25 Gly-Gly-Arg-Leu-Lys-Arg-amide [SEQ ID NO:28]. The resuhs of this assay are 

reported below in Table 2. 



32 



wo 00/78956 PCT/USOO/16989 



Table 2 



Peptide # 


Absorbence at 405 nm 


40 ^M 


256 nM 


1 


U. lUo ± U.Ul 3 




Jm 1 


0.110 ±0.049 


0.143 ±0.006 


22 


0.126 ±0.019 




23 


0.118 ±0.035 




Melittin (positive 
control) 


2.99 ± 0.06 




3 ID (negative 
control) 


0.160 ±0.021 





At a final concentration of 40 jiM, only melittin lysed the erythrocytes. 
The lowest concentration in which melittin lysed sheep erythrocytes was 5 jiM, in 
agreement with the findings of Wade et a/, Proc. Natl. Acad Sci.. USA . 87:4761-4765 
(1990), When the pyrrhocoricin and the modified Chex-pyrrhocoricin-Dap(Ac) 
15 peptide were increased to 256 ^iM concentration, the peptides remained completely 

non-toxic to sheep erythrocytes. 

B. Direct Killing of Immortalized COS Cells 

In another toxicity assay, COS cell survival was studied for 
pyrrhocoricin and cecropin B (Bachem Biosciences, King of Prussia, PA) as the 
20 positive control. Cecropin B was used as a positive control because this channel- 

forming anti-bacterial peptide was shown to kill a wide range of inunortalized tumor 
cells [A. J. Moore et al. Peptide Res. . 5:265-269 (1994)]. The results are indicated in 
Table 3. 
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Tables 



Peptide 


Cell Count after Treatment 


No peptide 


13.5 ±9.5 


5 ^iM Cecropin 


6±6 


10 \iM Cecropin 


6.7 ±0.3 


50 \xM Cecropin 


7.3 ±3.7 


5 ^iM Pyrrhocoricin 


18±4 


10 iiM Pyrrhocoricin 


12±4 


50 Pyrrhocoricin 


11± 1 



10 While cecropin reduced the cell count at as low as 5 ^iM concentration, the cell 

count and rate of proliferation did not change after addition of up to 50 |iM/niL 
concentration of pyrrhocoricin. 



EXAMPLE 4: PEPTIDE STABILITY IN SERUM 

In vivo stability of peptides in blood is currently modeled well by in vitro 

15 stability in serum or plasma (neglecting renal and hepatic clearance). Serum stability 

studies represent one of the most important secondary screening assays in peptide drug 
development, largely because they eUminate peptides that have short half-lives and are 
therefore unlikely to be therapeutically effective. Owing to the fact that the use of 
diluted serum increases peptide recovery as well as retards the reaction kinetics to a 

20 manageable rate, the experiments were conducted using 25% aqueous sera. It was 

earlier demonstrated that the degradation rates are linearly proportional to serum 
concentration [M. F. Powell et al, J. Pharm Sci. . 81: 731-735 (1992)]. 

For serum stability studies, 10 jil of an aqueous peptide stock solution 
containing about 0.8 mg/ml peptide was added to 200 ^1 25% aqueous pooled mouse 

25 or human serum (Sigma, St. Louis, MO), according to the process described in M. F. 

Powell et al, Pharmacol. Res.. 10:1268-1273 (1993). The peptide-serum mixture was 
thermostated at 3 7*^0 . After 0 minutes, 45 minutes, 2 hours and 4 hours, three 
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samples of each peptide were taken and precipitated by the addition of 40 jil 15% 
aqueous trichloroacetic acid. The samples were stored at 4*^0 for 20 minutes and 
centrifiiged. The peptides and some remaining serum proteins were recovered in the 
supernatant after the trichloroacetic acid precipitation. The supematants were 
5 immediately frozen on dry-ice and 220 |il of each were analyzed on RP-HPLC. A 

mouse serum and two different batches of the same SIGMA catalog number of human 
sera (human 1, approximately 1 year old, and htmian 2, approximately 1 month old) 
were also used. 

To obtain comparable data, all peptide degradation at 0 minutes is adjusted to 
10 100%. The lyophilized samples were redissolved in 0. 1 aqueous TFA and submitted 

for matrix assisted laser desorption/ionization (MALDI-MS). 

The degradation products of the modified peptides of this invention (Peptides 
1, 21 and 22 [SEQ ID NOS: 6, 22 and 23, respectively]) after a 45-minute digestion 
with 25% mammalian sera are reported in Table 4. The missing residues are indicated 
15 (e g "C2 means that the C-terminal two residues are cleaved off). For Peptide 22 

(which is a modified pyrrhocoricin, having an acetyl- Arg group attached to the N- 
terminal Val, and having attached at the C-terminus in place of the 20* amino acid 
Asn, a p-acetyl-2,3-diamino propionic acid group in the L configuration), the N- 
terminal residue numbers correspond to unmodified pyrrhocoricin. In Table 4, the 
20 relative amounts of the degradation products are estimated based on the MALDI-MS 

peak heights. O=not detected; l^ery weak (below 5000), 2=weak (5-10000), 
3=medium (10-15000), 4=strong (15000-uncleaved molecular ion at 25-30000), 
5=very strong (above uncleaved molecular ion). All identified degradation products 
are listed. 
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Table 4 



■L w 

tide 
# 


Serum 


Degradation Products 


-CI 


-C2 


-C3 


-C6 


-N3 


-N5 


-N3. 
C2 


-N5, 
C2 


1 


mouse 


2 


2 


0 


0 


0 


0 


0 


0 




human 1 


3 


4 


3 


1 


0 


2 


0 


0 




human 2 


2 


2 


0 


0 


0 


0 


0 


0 


21 


mouse 


0 


2 


0 


0 


0 


2 


0 


0 




human 1 


0 


4 


2 


0 


0 


2 


0 


1 




human 2 


0 


4 


0 


0 


0 


2 


0 


1 


22 


mouse 


0 


2 


0 


0 


0 


0 


0 


0 




human 1 


0 


5 


3 


0 


2 


3 


1 


2 




human 2 


0 


5 


0 


0 


2 


1 


0 


0 



When looking at the first metabolites after 45 minute digestion, it is evident 
that the C-terminal asparagine is cleaved off Peptide 1 [SEQ ID NO: 6]. In contrast, 
10 the modified C-terminal residue stays on the peptides containing p-acetyl-2,3-diamino 

propionic acid residues (Peptides 21 and 22) [SEQ ID NOS: 22 and 23, respectively]. 
The acetyl- Arg amino terminal modified Peptide 22 produces more N-terminal 
cleavage products close to the amino terminus than Peptide 21 (which is a modified 
pyrrhocoricin, having in place of the N-terminal Val, the group 1-aminocyclo-hexane 
15 carboxylic acid-, and having attached at the C-terminus in place of the 20*** amino acid 

Asn, a p-acetyl-2,3-diamino propionic acid group in the L configuration). Most 
notably. Peptide 21 produces a firagment in which the Val-Asp-Lys tripeptide is 
missing. While for Peptide 1 the degradation products are different in the two human 
sera, for Peptide 21, they are very similar. They are also similar to those observed 
* 20 after digestion with the mouse serum. Apparently, Peptide 21, is generally more 

resistant than Peptide 1 in human serum. 
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Fig. 1 shows the kinetics of the degradation of Peptides 1 and 21 [SEQ ID 
NOS: 6 and 22, respectively] in this assay. The curves are fitted to an exponential 
equation. The degradation curves for Peptide 1 and Peptide 21 (the modified 
pyrrhocoricin, having in place of the N-terminal Val, the group l-aminocyclo-hexane 
5 carboxylic acid-, and having attached at the C-terminus in place of the 20*^ amino acid 

Asn, a P-acetyl-2,3-diamino propionic acid group in the L configuration) were similar. 
Nonglycosylated pyrrhocoricin is somewhat more stable in mouse serum and in the 
weaker human serum, but much less stable in the more active human serum. Although 
the lack of endopeptidase cleavage sites reduced the degradation rate of Peptide 21 

10 compared to Peptide 1, this loss of protease activity was compensated for increased 

exopeptidase activity C-terminal to Ser5 and Asnl8, Preliminary metabolism studies 
of the cyclic Peptide 17 [SEQ ID NO: 18] indicated an endopeptidase cleavage site 
between AsnlS and Argl9 in human sera. In accordance with the increased number 
and amount of N-terminal degradation products. Peptide 22 [SEQ ID NO: 23] (a 

15 modified pyrrhocoricin, having an acetyl- Arg group attached to the N-terminal Val, 

and having attached at the C-terminus in place of the 20*^ amino acid Asn, a p-acetyl- 
2,3-diamino propionic acid group in the L configuration), degrades considerably faster 
than either Peptide 1 or Peptide 21 (not shown). Remarkably, after 8 hours of 
digestion, in mouse serum, both Peptides 1 and 21 have 20% of the initial amounts 

20 intact- Significantly, after the same period of time, traces of Peptide 21 are still present 

in all sera studied. 

RX AMPLE 5 - IN VIVO Anti-bacterial ACTIVI TY OF THE PEPTIDES 

Peptides 1, 17 and 21 [SEQ ID NOS: 6, 18, and 22, respectively] are 

25 comparatively evaluated in an in vivo anti-bacterial assay performed as follows: Male 

mice of CD-I strain (Harlan Sprague Dawley, Inc.) were intravenously infected in the 
tail with 1,000,000 colony forming units (0.2 ml) oi Escherichia coli strain (ATCC 
Accession No. 25922). To obtain better infection, mice are also fed with£. coli. The 
test peptides are intravenously injected 1 hour after infection at doses of 10, 25 and 50 

30 mg/kg, followed by a booster injection after 5 hours of infection. Mice were observed 
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at 1 hour, 5 hours, 1 day, and 2 days post-infection for clinical signs (e.g., decreased 
activity and head tih) or mortality, and were compared with control mice who received 
5% dextrose (DS5) instead of peptides (negative control) or were submitted to the 
same peptide treatment, but received 50 mg/kg of DS5 instead of the bacteria 
5 (toxicity). 

The results are illustrated in Fig. 2. Neither Peptides 1 nor 21 [SEQ ID NOS: 
6 and 22, respectively] alone showed any toxicity at 50 mg/kg dose. To assess the 
success of the infection, five mice were infected with E. coli, but received DS5 instead 
of test peptides. Two of these control mice died on the third day and the other three 

10 became clinically sick, which included decreased activity and head tilt. When the 

efficacy of the peptides was studied, the Chex-pyrrhocoricin-Dap(Ac) derivative 
(Peptide 21) protected all 15 mice, regardless of the dose. For unmodified 
pyrrhocoricin (Peptide 1), the mice that were injected with 10 and 25 mg/kg survived 
without any clinical signs of disease. However, from the 50 mg/kg group, one mouse 

15 died and the other 4 showed clinical signs of disease. This mirrors the drosocin studies 

in which the peptide was not toxic alone, but became toxic when the mice were 
infected and became compromised [Hoffmann ei al, cited above]. 

Such an effect was not found for the Chex-pyrrhocoricin-Dap(Ac) peptide. All 
mice showed some enlargement of the abdominal region during the study, therefore at 

20 termination the mice were necropsied. Stomachs and intestines were observed to be 

enlarged due to the presence of food. There were no other findings. These data 
indicate that the increase of the proteolytic stability of the pyrrhocoricin peptides 
compared to drosocin resulted in peptides capable of protecting mice against bacterial 
infection. The resuhs also warrant further pharmaceutical development with peptides 

25 based on Peptide 21 [SEQ ID NO: 22], the Chex-pyrrhocoricin-Dap(Ac) peptide. 

This analog showed good potency, complete lack of toxicity and similarity in the 
degradation pathway between human and mouse serum. 
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FyAMPT.F 6 - CONFORMATION OF NATIVE PYRRHOCORICIN . 

Because native pyrrhocoricin could not be shortened nor could the amino acid 
composition be changed without a loss of in vitro anti-bacterial activity, it was 
theorized that the peptide has to assume a certain secondary structure to bind 
5 stereospecifically to the target protein. Clearly, this structure is desirably maintained in 

the design of potentid dmgs. The bioactive conformations of native glycosylated 
pyrrhocoricin (Peptide 2) [SEQ ID NO: 2] and its non-glycosylated analog (Peptide 1) 
[SEQ ID NO: 6] were determined by two-dimensional nuclear magnetic resonance 
(NMR) spectroscopy. 

10 NMR spectra were recorded on a Bruker DMX 750 MHz spectrometer at 

temperatures in the range 283-298° K. The sample consisted of ^ 600 fig of native 
glycosylated or non-glycosylated pyrrhocoricin in 125 jaL of 50% TFE-d3:50% H2O 
solution in a 2.5 mm NMR tube. Two-dimensional TOCSY and NOESY spectra were 
recorded in the phase sensitive mode using time proportional phase incrementation for 

15 quadrature detection in the fl -dimension [D. Marion and K. Wiithrich, Biochem. 

Rio phvs. Res Comm. . 113 : 967-974 (1983)]. TOCSY spectra were recorded using an 
MLEV-17 mixing scheme [A. Bax and D. G. Davis, J. Mag. Res. . 65:355-360 (1985)] 
with a mixing times of 80 ms, 16 scans and 512 increments. NOESY spectra were 
recorded with mixing times of 100 and 300 ms, 64 scans and 512 increments. All 2D 

20 spectra were collected over 4096 data points in the f2 dimension, with a spectral width 

of 9800 Hz in both dimensions. The water proton signal was suppressed using the 
WATERGATE method, consisting of two sine-shaped gradient pulses on either side of 
a binomial 3-9-19 pulse of 10 kHz field strength. Spectra were referenced to DSS. 
The data were processed on a Silicon Graphics (SGI 4D/30) computer using the 

25 UXNMR software package. The fl -dimension was zero-filled to 4096 real data points 

with fl- and Q-dimensions being multipUed by a squared sine function and Gaussian 
function, respectively, prior to Fourier transformation. 

Like the recently published conformation of drosocin [A. McManus et al, cited 
above], the structure of pyrrhocoricin was largely random coil and there was little 

30 change in the backbone conformation upon glycosylation. For pyrrhocoricin, however, 
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there was a subpopulation with organized structure at both the N- and C-termini. Figs. 
3 A and 3B summarize the short and medium-range NOEs and show that there were a 
series of dNN(i3+i) NOEs present at both the N- and C-termini of the pyrrhocoricins. 
Additional d„N(i^i^.2) NOEs were found in the spectra of the glycosylated derivative. 
5 Taken together, the data indicated the presence of reverse-turns at the 

pharmacologically important terminal regions. The increase in the turn potential at the 
termini compared to drosocin may explain the increased in vitro anti-bacterial activity 
of pyrrhocoricin. A comparison of the cxH NMR shifts with random coil values 
[Merutka et al, J. Biomol. NMR. 5:14-24 (1995)] is shown in Fig. 3C. These results 

10 suggested that the middle domain of pyrrhocoricin, like drosocin, had an extended 

structure. Both the unordered-tum conformational equilibrium and the presence of 
extended regions were further verified by CD spectroscopy (data not shown). Non- 
glycosylated pyrrhocoricin (Peptide 1) [SEQ ID NO: 6] exhibited a linear unordered - 
reverse turn conformational transition upon going fi'om water to trifluoroethanol as 

15 solvents. The CD spectrum of the native glycopeptide recorded in water was more 

similar to those of unordered peptides (type U spectra). However, the type C 
spectrum, and therefore the final turn structure was stabilized at a lower 
trifluoroethanol concentration (50%) for the glycopeptide compared to the non- 
glycosylated analog, fiilly supporting the NMR findings. The broadening of the 

20 negative band between 210 and 220 nm in the aqueous spectra identified the presence 

of extended structures for both peptides. 

In summary, according to the NMR data the bioactive conformation of 
pyrrhocoricin involves two reverse-turns at the termini bridged by an extended peptide 
segment in the middle domain. This hypothetical structure is supported by the anti- 

25 bacterial activity of the cyclic peptide analogs. Cyclization stabilizes reverse-turns, and 

was expected to improve potency, but the cyclic pyrrhocoricin derivative without 
expanding the cycle (Peptide 16) [SEQ ID NO: 17] lost activity compared to the 
analog linear peptide (Peptide 20) [SEQ ID NO: 21], probably due to distortion of the 
extended domain in the middle of the peptide. When the ring size was increased by 

30 repeating an internal octapeptide fi-agment (Peptide 17) [SEQ ID NO: 18], the 
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resulting cyclic analog became higWy active against both gram-negative and gram- 
positive bacterial strains. 

All documents cited above are incorporated by reference herein. This invention 
is not to be limited in scope by the specific embodiments described herein. Indeed, 
5 various modifications of the invention in addition to those described herein will become 
apparent to those skilled in the art fi-om the foregoing description. Such modifications 
are intended to fall within the scope of the appended claims. The disclosures of the 
patents, patent applications and publications cited herein are incorporated by reference 
in their entireties. 
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WHAT IS CLAIMED IS: 

1 . A peptide of the formula R*-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr- 
Pro-Pro-Arg-Pro-De-Tyr-X'-Y'-R^ SEQ ID NO; 1, 

wherein is a moiety having a net positive charge; 

wherein R^ is selected from the group consisting of a free hydroxyl, an 
amide, an imide, a sugeu", and a sequence of one or up to about 15 additional amino 
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said 
additional amino acids being independently selected from L-configuration or D- 
configuration and said additional amino acids capable of cyclizing the peptide by 
bridging between the N- and C- tennini thereof; 

wherein X and Y form a dipeptide selected from the group consisting of 
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino 
acids, said dipeptide resistant to cleavage; and 

wherein X' and Y' form a dipeptide selected from the group consisting 
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or uimatural 
amino acids, said dipeptide resistant to cleavage 

2. The peptide according to claim 1, wherein R^ is selected from the group 
consisting of (a) a straight chain, branched, cyclic or heterocyclic alkyi group, 

(b) a straight chain, branched, cyclic or heterocyclic alkanoyl group, 

(c) a positively charged reporter group; and 

(d) between 1 to 15 additional amino acids independently selected from 
L-configuration or D-configuration; said additional amino acids optionally substituted 
by one or more of (a), (b) or (c), and said additional amino acids capable of cyclizing 
the peptide by bridging between the N- and C- termini thereof 



42 




wo 00/78956 



PCT/USOO/16989 



3, The peptide according to claim 2, wherein said B} group (d) are amino 
acids which have been cyclized by the msertion into the structure of the amino acid of 
modifying sugars or imide. 



aminocyclo-hexane carboxylic acid, 

5. The peptide according to claim 2, wherein said group (d) is selected 
from the additional amino acid residues L-Val-, D-Val-, Arg-Val-, Lys-Val-, Lys-Val- 
Asp-Lys-Val- SEQ ID NO: 5, and -Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- SEQ 
ID NO: 3. 

6. The peptide according to claim 1, wherein said B} group is selected 
from Acetyl-Arg-Val-; Acetyl-Lys-Val-; and Acetyl-Lys-Val-Asp-Lys-Val- SEQ ID 
NO: 29. 

7. The peptide according to claim 2, wherein said group (c) is biotin. 

8. The peptide according to claim 2 wherein said R^ group provides a 
detectable signal, optionally upon interaction with other compounds. 

9. The peptide according to claim 8 wherein said R^ group (c) is 5(6) 
carboxyfluorescein, 

10. The peptide according to clEum 2 wherein R^ group (c) is radioactive. 

11. The peptide according to claim 2 wherein R^ group (d) is a spacer 
interposed between the N- terminus and C- terminus of said peptide, permitting 
cyclization of said peptide. 



4. 



The peptide according to claim 2, wherein said R^ 



group (a) is 1- 
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12. The peptide according to claim 1 1, wherein group (d) is -Arg-Pro- 
Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- SEQ ID NO: 3, said Val linked to the N-terminal 
Asp of said formula and the N-terminal amino acid of linked by a covalent bond to 
the C-terminal amino acid of R^. 

13. The peptide according to claim 1, wherein R^ is selected from the group 
consisting of D-Asn, L-Asn, Asp, and Asn-R^, wherein R^is a sugar. 

14. The peptide according to claim 1, wherein said R^ is an amino acid can 
cyclize the peptide by attaching to the amino terminal amino acid. 

15- The peptide according to claim 13 wherein R^ is selected from the 
group consisting of 2-acetamido-2-deoxyglucose and triacetyl 2-acetamido-2- 
deoxyglucose. 

16. The peptide according to claim 1, wherein R^ is a P-acetyl-2,3-diamino 
propionic acid group. 

17. The peptide according to claim 1, wherein at least one amino acid is 
altered to its corresponding D amino acid, 

18. The peptide according to claim 1, which is non-glycosylated. 

19. The peptide according to claim 1, which is a cycUc peptide in which R^ 
and/or R^ form an amino acid spacer of greater than 3 amino acid residues. 

20. The peptide according to claim 19, wherein said spacer duplicates at 
least a portion of the peptide sequence of claim 1 . 
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21. The peptide acxording to claim 1, which is: 
Val-Asp-Lys-Vd-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-n 
Tyr-Asn-Arg-Asn SEQIDNO:30. 

22. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro- 
Arg-Pro-Ile-Tyr-Asn-Arg-Asn SEQ ID NO: 7. 

23. The peptide according to claim 1, which is : 
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 
Tyr-Asn-Arg-Asn SEQIDNO:8. 

24. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-GIy-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 
Tyr-Asn-Arg-Asn SEQ ID NO: 9. 

25. The peptide according to claim 1, which is: 

NH-2 

C— Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-ne-Tyr-Asn-Arg-;^ 
O 

SEQ ID NO: 10. 

26. The peptide according to claim 1, which is: 

o 

Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Arg-Pro-Thr-Pro-Pro-Ar^ 

SEQ ID NO: 12. 
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27. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-He- 
Tyr- Asn-Arg-NH-CH-CONHj SEQ ID NO: 1 3 . 



CH2-NH-COCH3 

28. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 
Tyr-Asn-Arg-Asn SEQ ID NO: 14. 



29. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 
Tyr-Asn-Arg-Asn SEQIDNO:15. 



30. The peptide according to claim 1, which is 
D-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn- 

Arg-D-Asn SEQ ID NO: 16. 

3 1 . The peptide according to claim 1, which is: 
Biotin-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr- 
Asn-Arg-Asn SEQ ID NO: 19. 

32. The peptide according to claim 1, which is: 
5(6)-carboxyfluorescein-Lys-VaI-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro- 
Pro-Arg-Pro-He-Tyr-Asn-Arg-Asn SEQ ID NO: 20. 

33. The peptide according to claim 1, which is: 
Acetyl-Lys-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 
Tyr-Asn-Arg-Asp SEQ ID NO: 21. 



2-acetamido-2-deoxyglucose 



triacetyl-2-acetamido-2-deoxyglucose 
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34. The peptide according to claim 1, which is: 



W2 

C— Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Arg-Pro-Thr-Pio-Pro-Arg-Pro-nc-Tyr-Asn-Arg->^ 



CH2-NH-COCH3 



SEQ ID NO: 22. 

35. The peptide according to claim 1, which is: 
Acetyl-Arg-Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile- 

Tyr-Asn-Arg-NH-CH-CONHj SEQ ID NO: 23. 
I 

CH2-NH-COCH3 

36. The peptide according to claim 1, which is: 
Val-Asp-Lys-Gly-Ser-Tyr-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-Asn- 

Arg-NH-CH-CONH2 SEQ ID NO:25. 
I 

CH2-NH-COCH3 

37. The peptide according to claim 18, which is: 

Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu 

Asn Lys 
I I 
Arg Val 

-Asn Asp 
TyrC I 
lie Lys 

Pro Gfy 
Arg Ser 
Pro-Pro-Thr-Pro-Arg-Pro-Leu-Tyr 

SEQ ID NO: 18. 

38. The peptide according to any of claims 1 -37 which has metabolic 
stability in mammalian serum. 
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39. The peptide according to claim 1 wherein at least one conventional 
amide bond between two amino acids in said sequence is replaced with a non-cleavable 
bond. 

40. The peptide according to claim 39, wherein said non-cleavable bond is a 
thio-amide bond or a reduced amide bond. 



41 . A composition comprising multiple peptides of the formula 
R*-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-ne-Tyr-X'-Y'-R^ SEQ 

IDNO:!, 



amide, an imide, a sugar, and a sequence of one or up to about 5 additional amino 
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said 
additional amino acids being independently selected from L-configuration or D- 
configuration and said additional amino acids capable of cyclizing the peptide by 
bridging between the - and C- termini thereof; 

wherein X and Y form a dipeptide selected from the group consisting of 
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino 
acids, said dipeptide resistant to cleavage, 

wherein X' and Y' form a dipeptide selected from the group consisting 
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or unnatural 
amino acids, said dipeptide resistant to cleavage. 

42. The composition according to claim 41, comprising at least two 
peptides, wherein the second peptide is attached to any amino acid of the first peptide. 

43. The composition according to claim 42, wherein additional peptides are 
attached to any amino acid of the other peptides in the composition. 



wherein is a moiety having a net poshive charge; 

wherein R^ is selected from the group consisting of a free hydroxyl, an 
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44. The composition according to claim 41, comprising at least two said 
peptides, wherein at least one or more of said peptides is attached to a carrier. 

45. The composition according to claim 41, comprising at least two 
peptides of claim 1, wherein the second or additional peptides is attached to a branched 
construct of the other peptides in the composition. 

46. The composition according to claim 41, comprising at least two 
peptides of claim 1, wherein each additional peptide is covalently linked to of 
another peptide in the composition. 

47. The composition according to claim 41, which comprises a multiple 
antigenic peptide. 

48. The composition according to claim 47, wherein said multiple antigenic 
peptide comprises a P-alanine substituent on a poly-lysine core. 

49. The composition according to clmm 47, comprising at least four 
peptides. 
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50. The composition according to claim 49, comprising the structure 

Peptide^ 
Peptide 

Xys-P-Ala 

Peptide^ 
Peptide 



NH- 



wherein each said peptide is: 

I 2 

(^^'^''H — C — Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Arg-Pro-Thr-Pro-Pro- Arg-Pro-He-Tyr- Asn-^^ 
SEQIDNO: 10. 

51 . The composition according to claim 41, comprising the muhi-peptide 
SEQ ID NO: 4 construct 
NH2 

f^'^'^ — C— Asp-Lys<jl>^Ser-Tyr-Uu-Pro-Arg-Pro-Thr-Pio-Pro-Arg-Prchn 

O CH2 

NH 

NH. C=0 



2 I 
C — Asp-Lys-Gly-Ser-Tyr-I^u-Pro-Arg-Pro-Thr-Pro-Pro-Aig-Pro-Ile-T>^^ — CH-CH2-NH-COCH3 



52. The composition according to claim 41 wherein said peptide is 
produced synthetically. 

53. The composition according to claim 41 wherein said peptide is 
produced recombinantly. 

54. The composition according to claim 41 wherein one or more of smd 
peptides is a synthetic peptide fused to a second moiety, wherein said moiety enhances 
the bioavailability of said peptide. 
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55- An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding a peptide of claim 1 or multi-peptide composition of claim 41 in operative 
association with a regulatory sequence directing the expression thereof in a host cell. 

56. A host cell transfected or transformed with the molecule of claim 55. 

57. A pharmaceutical composition comprising one or more of the peptides 
of claim 1 or the compositions of claim 41, in a pharmaceutically acceptable carrier. 

58. A method of treating a mammalian infection comprising administering 
to a mammal having said infection an eflfective amount of a composition of claim 57. 

59. The method according to claim 58, wherein said infection is a bacterial 
infection. 

60. The method according to claim 58 wherein said infection is caused by a 
Gram negative bacterium. 

61 . The method according to claim 58 wherein said infection is caused by a 
Gram positive bacterium. 

62. The method according to claim 58, wherein said infection is a fungal 
infection. 

63. The method according to claim 58 wherein said composition is 
administered by a route selected from intravenous, oral, intradermal, transdermal, 
intraperitoneal, intramuscular, subcutaneous, by inhalation and mucosal. 
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64. A method of treating a mammalian infection comprising administering 
to a mammal having said infection a low dose of a phamiaceutical composition 
comprising deglycosylated jpyrrhocoricin. 

65. The method according to claim 64, wherein said infection is a bacterial 
infection. 

66. The method according to claim 64, wherein said infection is a fungal 
infection. 

67. The method according to claim 64, wherein said low dose is less than 
10 mg/kg patient body weight. 

68. A method for designing pharmaceutical compounds comprising: 
employing a peptide of claim 1 or a composition of claim 41 in a 

computer modeling program to design a compound which mimics the structure and 
biological effect of said peptide or composition. 

69. The method for identifying pharmaceutical compounds comprising: 
performing a competitive assay with a microorganism susceptible to a 

peptide of claim 1 or a composition of claim 41; a peptide of claim 1 or a composition 
of claim 41, and at least one test compound; and 

identifying said test compound which competitively displaces the 
binding of said peptide or said composition to a receptor on said microorganism. 

70. The method according to claim 69, wherein said microorganism is a 
bacterium. 

71. The method according to claim 69, wherein said microorganism is a 

fungus. 
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72. A compound produced or identified by the method of claim 68 or 69. 
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SEQUENCE LISTING 

<110> The Wistar Institute of Anatomy and Biology 
Otvos Jr., Laszlo 

<120> Novel Pyrrhocoricin-Derived Peptides, and Methods of 
Use Thereof 

<130> WST91BPCT 

<140> 
<141> 

<150> 60/140,606 
<151> 1999-06-23 

<150> 60/154, 135 
<151> 1999-09-15 

<160> 30 

<170> Patentin Ver. 2.1 

<210> 1 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Asp in position 1 is attached to one or more 
modified amino acids or to a chemical group 

<220> 

<221> MOD_RES 
<222> (4) 

<223> amino acid in position 4 can be Ser or any amino 
acid 

<220> 

<221> MOD_RES 
<222> (5) 

<223> amino acid in position 5 can be Tyr or any amino 
acid 

<220> 

<221> MOD RES 
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<222> (17) 

<223> amino acid in position 17 can be Asn or any amino 



<220> 

<221> MOD_RES 
<222> (18) 

<223> amino acid in position 18 can be Arg or any amino 
acid and is attached to one or more modified amino 
acids or to a chemical group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 1 

Asp Lys Gly Xaa Xaa Leu Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr 
15 10 15 

Xaa Xaa 



<210> 2 
<211> 20 
<212> PRT 

<213> Pyrrhocoricin 
<220> 

<221> MOD_RES 
<222> (11) 

<223> Thr in position 11 is modified with Gal-GalNAc 
<400> 2 

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg Asn 



<210> 3 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: modification 



acid 



20 



2 
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of Pyrrhocoricin 
<400> 3 

Axg Pro Pro Thr Pro Arg Pro Leu Lys Val 
15 10 
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<210> 4 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Asp in position 1 is modified by a 
1-aminocyclo-hexane carboxylic acid 

<220> 

<221> MOD_RES 
<222> (18) 

<223> Arg in position 18 is modified by an amino linker 
moiety 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 4 

Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr 
15 10 15 

Asn Arg 



<210> 5 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 5 

Lys Val Asp Lys Val 
1 5 



3 
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<210> 6 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 6 

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg Asn 



<210> 7 
<211> 24 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYLATION 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 7 

Lys Val Asp Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro 
15 10 15 

Pro Arg Pro lie Tyr Asn Arg Asn 



<210> 8 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD RES 



20 



20 
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<222> (1) 

<223> ACETYIiATION 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin . 

<400> 8 

Arg Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asn 



<210> 9 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYIATION 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 9 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asn 



<210> 10 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Asp in position 1 is modified by a 
l-aminocyclo-hexane carboxylic acid 



20 



20 



5 
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<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 10 

Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr 
15 10 15 

Asn Arg Asn 



<210> 11 

<211> 20 

<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYLATION 

<220> 

<221> MOD_RES 
<222> (11) 

<223> Thr in position 11 is modified with Gal-GalNAc 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 11 

Vai Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg Asn 
20 



<210> 12 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<22 3> ACETYLATION 



6 





wo 00/78956 



PCT/USOO/16989 



<220> 

<221> MOD_RES 
<222> (20) 

<223> Arg in position 20 is modified by an imide group 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 12 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg 



<210> 13 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> ACETYLATION 
<220> 

<221> MOD_RES 
<222> (20) 

<223> Arg in position 20 is modified by a 

beta-acetyl-2 , 3-diamino propionic acid group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 13 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
1 5 ■ 10 15 

lie Tyr Asn Arg 



20 



20 



<210> 14 
<211> 21 



7 
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<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 
<223> ACETYLATION 

<220> 

<221> MOD_RES 
<222> (21) 

<223> Asn in position 21 is modified by a 
2-acetamido-2-deoxyglucose group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 14 

. Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asn 
20 
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<210> 15 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD^RES 

<222> (1) 

<223> ACETYLATION 

<220> 

<221> MOD_RES 
<222> (21) 

<223> Asn in position 21 is modified by a 

triacetyl-2-acetamido-2-deoxyglucose group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 15 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 



8 
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1 



5 



10 



15 



lie Tyr Asn Arg Asn 
20 



<210> 16 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Val in position 1 is in the D configuration 
<220> 

<221> MOD^RES 
<222> (20) 

<223> Asn in position 20 is in the D configuration 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 16 

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg Asn 



<210> 17 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> PEPTIDE 

<222> (1) . - (21) 

<223> is a cyclic peptide 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 17 



20 
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Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asp 
20 



<210> 18 

<211> 29 

<212> PRT 

<213> Artificial Sequence 
<220> 

<221> PEPTIDE 

<222> (1) . . (29) 

<223> is a cyclic peptide 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 18 

Arg Pro Pro Thr Pro Arg Pro Leu Lys Val Asp Lys Gly Ser Tyr Leu 
15 10 15 

Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr Asn Arg Asn 
20 25 



<210> 19 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Lys in position 1 has a biotin attached 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 19 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asn 
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20 



<210> 20 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Lys in position 1 is modified by a 
5 ( 6) -carboxyf luorescein group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 20 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asn 



<210> 21 
<211> 21 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYLATION 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 21 

Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
15 10 15 

lie Tyr Asn Arg Asp 



20 



20 



11 



wo 00/78^6 

<210> 22 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Asp in position 1 is modified by a 

1-aminocyclo-hexane carboxylic acid group 

<220> 

<221> MOD_RES 
<222> (18) 

<223> Arg in position 18 is modified by a 

beta-acetyl-2 , 3-diaminopropionic acid group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 22 

Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr 
15 10 15 

Asn Arg 
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<210> 23 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYIATION 

<220> 

<221> MOD_RES 
<222> (20) 

<223> Arg in position 20 is modified by a 

beta~acetyl-2, 3-diamino propionic acid group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 



12 
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<400> 23 

Arg Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro 
1 5 10 15 



lie Tyr Asn Arg 
20 



<210> 24 
<211> 18 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (1) 

<223> Asp in position 1 is modified by a 

1-aminocyclo-hexane carboxylic acid group 

<220> 

<221> MOD__RES 
<222> (18) 

<223> Arg in position 18 is modified by a 

beta-acetyl-2, 3-diamino propionic acid group 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 24 

Asp Lys Gly Ala Phe Leu Pro Arg Pro Thr Pro Pro Arg Pro lie Tyr 
15 10 15 

Asn Arg 



<210> 25 
<211> 19 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 
<222> (19) 

<223> Arg in position 19 is modified by a 

beta-acetyl-2, 3-diamino propionic acid group 



13 
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<220> 

<223> Description of Artificial Sequence; modification 
of Pyrrhocoricin 

<400> 25 

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg 



<210> 26 
<211> 20 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> PEPTIDE 
<222> <1) . . (20) 

<223> all amino acid residues are in the D configuration 
<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 26 

Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro Arg Pro lie 
15 10 15 

Tyr Asn Arg Asn 
20 



<210> 27 
<211> 26 
<212> PRT 
<213> Meiittin 

<220> 

<221> MOD_RES 
<222> (26) 
<223> AMIDATION 

<400> 27 

Gly lie Gly Ala Val Leu Lys Val Leu Thr Thr Gly Leu Pro Ala Leu 
15 10 15 
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lie Ser Trp lie Lys Arg Lys Arg Gin Gin 
20 25 



<210> 28 
<211> 15 
<212> PRT 

<213> T helper cell epitope 
,<220> 

<221> MOD_RES 
<222> (15) 
<223> AMIDATION 

<400> 28 

Ala Val Tyr Thr Arg lie Met Met Asn Gly Gly Arg Leu Lys Arg 
15 10 15 



<210> 29 
<211> 5 
<212> PRT 

<213> Artificial Sequence 
<220> 

<221> MOD_RES 

<222> (1) 

<223> ACETYLATION 

<220> 

<223> Description of Artificial Sequence: modification 
of Pyrrhocoricin 

<400> 29 

Lys Val Asp Lys Val 
1 5 



<210> 30 
<211> 23 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: modification 



of Pyrrhocoricin 



15 
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<400> 30 

Val Asp Lys Val Asp Lys Gly Ser Tyr Leu Pro Arg Pro Thr Pro Pro 
1 5 10 15 



Arg Pro lie Tyr Asn Arg Asn 
20 



16 
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international application be processed 
according to the Patent Cooperation Treat)*. 



For receiving OfFicc use only 



I nlcmalional Applicalion No. 



International Filing Date 



Name of receiving Office and "PCT International Application'' 



Applicant's or agent's file reference 

(if desired) (1 2 characters moMmum) WST9 1 B PCX 



Box No. I TITLE OF INVENTION 

NOVEL PYRRHOCORICIN-DERIVED PEPTIDES, AND METHODS OF USE THEREOF 


Box No. II APPLICANT 


Name and address: (Fami/y namefottowed by given name; for a iegat entit)^, full offic ol 
de^^whon. The address must include pasta code and nanit of country. 7 he co^n^^yX/^.^ 
adctress indicated in this Boy is the applicant 's State (that is, counto*) ofresulence ifnoState 
of residence is mdtcated below.) 

The Wistar Institute of Anatomy and Biology 
3601 Spruce Street 

Philadelphia, Pennsylvania 19104-4268 
United States 


1 j This person is also inventor. 


Telephone No. 

215-898-3700 


Facsimile No. 

215-898-3868 


Teleprinter No. 


State (that is. coitntty} of nationality: 

United States 


Stale (that is, comitiy) of residence; 

United Stales 




Box No. Ill FURTHER APPLTCANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Fannfy nante followed by gp'en name: for a legal 5"^0'. ''^^^ 
desiff7otfon. The address must incfude posta code andnanie of country, ihe counfyofthe 
address indicated in this Box is the applicant 's State (that ts, countty) of residence if uo State 
of residence is indicated below.) 

OtVOS Jr., LaszIo 
801 Mockingbird Lane 
Audubon, Pennsylvania 19403 
United States 


This person is: 

1 I applicant only 

I I applicant and inventor 

1 1 inventor only (If this check-box 
' * is marked, dn not fill in hehw.) 


State (that is, cotmtry) of nationality; 

United States 


State (that is, coimtryl of residence: 

United Stales 


This person is applicant | 1 all designated | 1 nil dcsignnlcd Stnic^ except 1 ihc Untied SLMes | | the '^^''^^^^^^^^ 

for the purposes of 1 1 Smtcs 1 1 the United States of America of America only 1 1 Ihc SuppIcmenUl liux 


1 ] Further applicants and/or (forther) inventors arc indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf 1 V | ogent I 1 common representative 
of the app!icant(s) before the compclcnl Intcmalionnl Aulhonlies as; LCJ 1 — I 


Name and address: (Famify name followed by ^ven name: for a le^af entity, full oJTictal 
desi^nition. The address must include pfKSlal code ami name of conn tryf.) 

Bak, Mary E. 
Howson and Howson 
Spring House Corporate Center 
P.O. Box 457 

Spring House, Pennsylvania 19477 
United States 


Telephone No. 

215-540-9200 


Facsimile No. 

215-540-5818 


Teleprinter No. 


J — 1 Address for correspondence: Miirk this check-box where no agent or common representative is/has ncun appoinicu anu inu 

1 1 snacc above is used instead to indicate a special address to which correspondence should be sent. | 


Form PCT/RO/101 (Hrsl sheet) (July 1998; rcprnit January 2000) ^Vo/^-^ '^'^ request jorm 



Sheet No. 2. 



Box No.V 



DESIGNATION OF STATES 



The following designations arc hereby made under Rule 4.9(a) (mark' the opplicahle check-boxes: at hast one must he marked): 
Rcgionn) Patent 

n AP ARlPOPiitcnt: Gil Ghana, GM Gambia, KE Kenya, LS Lesotho MW Malawi, SD Sudan, SL Sierra Lcon^^^^ 

TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is a Contraclmg State of the Harare 
Protocol and oClhc PCT 

Eumsinn Patent: AM Armenia, AZ Azerbaijan 



EA 



EP 



tumsian raicni; «iri«MM....u, .w... BY Belarus, KG KyrgyzKlan, KZ Kazakhstan, MD Republic ofMoIdova 
RU Russian Federation, TJ Tajikistan, TM Turkmcnislan, and any other Stale which is a Contracting State of the Eurasian Patent 
Convention and of the PCT ^ nw? ^ 

Europcnn Patent: AT Austria, BE Belgium, CU and LI Switzerland and Licchlcnslcin, CT/ Cyprus DE Germany, 
DK KaPk ES Spain, FI Finland, FR France, GB United Kingdom, GR Greece, IE Ireland IT H^ly. Luxembourg 
MCMonaco, NL Netherlands, PTPortugol, SE Sweden, and any other State which is a Contraclmg State of the European i atcnt 
Convention and of the PCT 

n OA OAPI Patent: BF Burkina Faso, BJ Benin, CF Central African Republic, CO Congo, CI C^i^U'll^'^J'^^Jr?^ Cameroon, 
^ gAGabSn^GNGuin^^^^^ 

other State which is a member State of OAPI and □ Contracting Stale of the PCT (if otJier kind of protection or treatment desired. 

specify on dotted line) 

Nnti<»n«l Patent (if other kind of protection or treatntent desired, speci^^ on dotJed line): 

□ AE United Arab Emirates □ LR Liberia 

□ AL Albania □ 

□ AM Armenia □ 



□ AT 
H AU 

□ AZ 

□ BA 

□ BB 

□ BC 

□ BR 

□ BY 
B CA 



Austria □ 

Australia □ 

Azerbaijan □ 

Bosnia and Herzegovina □ 



Barbados □ 

Bulgaria D 

Brazil 

Belarus □ 

Canada □ 

□ Oil and LI Switzerland and Liechtenstein O MX 

□ CN China □ NO 

□ CR Cosla Rica DNZ 

□ CU Cuba □ PL 

□ CZ Czech Republic □ PT 

□ DE Germany □ RO 

□ DK Denmark □ RU 

□ DM Dominica □ SD 

□ EE Estonia □ SE 

□ ES Spain □ SG 

□ FI Finland □ SI 

□ GB United Kingdom □ SK 

□ GD Grenada □ SL 

□ GE Georgia □ TJ 

□ Gil Ghana □ TM 

□ GM Gambia □ TR 

□ IIR Croatia □ TT 

□ HU Hungary □ TZ 

□ ID Indonesia □ UA 

□ IL Israel □ UG 

□ IN India S '^S 

□ IS Iceland 

H JP Japan DUZ 

□ KE Kenya □ VN 

Kyrgyzslan CDYU 

Democratic People* s Republic of Korea .... □ ZA 

□ ZW 

Republic of Korea 9^^"^^^. 

Kazakhstan ^ 

□ 



LS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MA Morocco 

MD Republic of Moldova 

MG Madagascar 

MK The former Yugoslav Republic of Macedonia 



MN Mongolia 
MW Malawi 



Mexico 

Norway 

New Zealand 

Poland 

Portugal 

Romania 

Russian Federation 

Sudan 

Sweden 

Singapore 

Slovenia 

Slovakia 

Sierra Leone 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

United Republic of Tanzania 

Ukraine 

Uganda 

United Stales of America . . 



□ 
□ 

□ 
□ 
□ 
□ 



KG 
KP 

KR 
KZ 
LC 
LK 



Uzbekistan . . . 
Viet Nam . . . . 
Yugoslavia . . . 
South Africa . . 
Zimbabwe . . . 
boxes reserved 



_„ for designating 

become party to the PCT after issuance of this sheet 



States which have 



Saint Lucia 
Sri Lanka 



Prccnutionarv Designation Statement: In addition to the designations made above, Ihc applicant also makes under Rule 4.9(b) all other 
designations which would be permitted under the PCT cxccpl any dcsignalion(s) indicated in the Supplemental Box as bcmg ex*cludcU 
from the scope of this statement. The applicant declares that those additional designations arc subject to conhrmation and that any 
designation which is not con finned before the expiration of 1 5 months from the priority dale is to be regarded as withdrawn by the applicant 
at the expiration of that time limit. (Confirmation (inctttdingfees) must reach the recei^n^ Office yvithm tJte JS-month time hmit.) 



Form PCT/RO/101 (second sheet) (Januari^OOO) 



See Notes to the request form 



Shccl No. 



SupplQmcmal Box I/ihe S.,pplemenlal Box » »o« uzcd. this d,ee, shonid not be included m the request. 



the space was insttfficient, in particular: 

below; ^ t h 

00 ir'nBo.NoJfori.onyofthesu,.to^.^^^^ 

in such case, write "Continuation of Box No 11 or Con tw nation ^^^'^'^^^^^^ J f State(s) (atid/or, where 



(Hi) 



(iv) 



ifJnBo.No.norina,t,.of,Uesub.bo.esofBo.r^om^^^^^^^ 
of all designaled States or for the purposes of the VmtedStales of '^"1'""^"" ^,°^%^se„,ay be) indicate the name of the 

the purposes of which the named person ts im^ntor; 



i in Box No. IK there are further agents: in such case, write "Continuation of Box No. IV 



sr in addition to the a«ent(s) indicated in fsox i>io. i i\ mere urcj»4,u^^» "%^"^\.f ' 

idhldicTM^^^^ agent the same type of information as required m Box No. 11 . 



if, in Box No. 
Box No 



,v,V, if.iuBo.^ioA^jUeeurUerupficationisanAmi'Oup^^ 

name or hvo-lelter code of each State so exchtded. 
' ofno\*eiiy' and furnish that statement he'hw. 



"Continuation of Box No. IV" 
Kitar Stanley B. 
Smith, George A., Jr. 
Kodroff , Cathy A. 
Bak, William 

All above attorneys are members of the firm of Howson and Howson. 
Address of all is indicated in Box IV. 



Form PCT/RO/IOI (siipplcmentnl shccl) (January 2000) 



Shccl No. 



B*/X No. VI PRIORITY CLAIM 



n Further priorily claims arc indicated in the Supplemental Box. 



Filing date 
of earlier application 
(day/month/ytear) 


Nnmbcr 
oFcarlicr application 


Where earlier application is: 


national application: 
country 


regional application;* 
regional OfTice 


international application: 
receiving Office 


item (1) 

23 June 1999 


60/140,606 


United States 






item (2) 

15 September 1999 


60/154,135 


United States 






item (3) 











SThc receiving OflTicc is requested to prepare and transmit to the Inlcmalional Bureau a certified copy 
of the earlier application(s) (onfy if the earlier application wasftied witJi the OJjftce which for the . « /o\ 
purposes qfUie present international application is the receding Office) identified above as ilcm(s). U / o* W 



♦ Where 
Convention 



the earlier applicatiort is an ARJPO application, it is mandatory to indicate in the Supplemental Box at least one country parry to the Paris 
ion for the Protection of industrial Property for M'hich that earlier application was ftled (Rule 4.10(b)(ii)). See Supplemental Box. 



Box No. VII INTERNATIONAL SEARCIITNC AUTHORITY 



Choice of InrcrnnrionnlScnrchinB Authority (ISA) 

(if /u'o or more International Searching An than ties are 
competent to carry out the international search, indicate 
the Authority* chosen: the nvti-letter code may be used) : 

ISA/ US 



Requtse to use rcsulfs of c»i licr search; reference to that search (if an earlier 
search has been carried out by or requested from the International Searching Authority): 

Number CountFy (or regional OJJtce) 



Diitc (day'month *)'iar) 



Box No. Vin CHECK LIST; LANGUAGE OF FILING 



This inlcmational application contains 
the following number of shccfs: 

request ^ 

dcscriplion (excluding 
sequence listing part) 

claims 

abstract 

drawings 



sequence listing piirt 
of description 



41 
12 
1 
3 

16 



This international application is nccompanicd by the itcm(s) marked below: 

1.0 fee calculation sheet 

2- □ separotc signed power of attorney 

3. [7] copy of general power of attorney; reference number, if any: 

4. □ <?tatciTienl explaining lack of signature 

5. □ priority docunicnt(s) identified in Box No. VI as itcm(s): 

6. □ translation of international application into (language): 

7. Q scparntc indications concerning deposited microorganism or other biological mnterial 

8. [7] nucleotide and/or amino acid sequence listing in computer readable form 



Figure of the ilrnwings which 
should accompany the abstract: 


Lnnf;ungc of fih'ng of the . . 
inlcrnational application: bngilSn 


Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Next to each signature, indicate tl%: name of the parson signins and the capacity in which the perxon sijgns (if such cajjoctty is not obvious from trading f lie request). 



By: 



Mary E. Ba/R 
Attorney (bx Applicants 



1. 


Date of actual receipt of the purported 
international application: 




2. Drawings: 
[ 1 received: 


3. 


Correcled dale of actual receipt due to Inter but 
timely received papers or drawings completing 
the purported inlcrnational application: 






4. 


Dale of timely receipt of the required 
corrections under PCT Article 1 1(2): 






I I not received: 


5. 


International Searching Authority to a / 
(if two or more arc competent): loA / 




6. 1 1 Transmittal of search copy delayed 

I ' until search fee is paid. 





Date of receipt of the record copy 
by the International Bureau: 



For Inlcrnational Bureau use only , 



See Notes to the request form 



Form PCT/RO/IO I (last sheet) (July 1998; reprint .lanuaiy 2000) 




From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: MARY E. BAK 

HOWSON AND HOWSON 

SPRING HOUSE CORPORATE CENTER 

P.O. BOX 457 

SPRING HOUSE PA 19477 

Ui OCT IB W \ 


PCT 

X'r VIM inrvV^IMf^X^ OF TRANSMri'^TAIj OF 
IN TKI^XA l lONAI^ PllELIMINAKY 
1 :X AMI N ATION REPORT 

■1 

1 (PCr Rule 71.1) 


fcxL^;:^":^ 10 ocTZOOt 


Applicant's or agent's file reference ^ -.".^c - . - 
WST91BPCT 


IMPOUI ANT NOTIFICATION 


International application No. 
PCT/USOO/ 16989 


Intcrnatioii;il niiiij^ date (duy/nio/il/tAwitj 
-2 1 JUNIC '2000 


Prioi ity Date (day/ monUi /year) 
.(UNE 1999 


Applicant 

THE WISTAR INSTITUTE OF ANATONH' AND BIOLOGY 





1. The applicant is hei-eby notiTicd Uiat llii.s I iilrruiilioiial Pn^iiininury ICxiuniiiiiij* Authority tiansinite hei*e.with 
the iDteniational preliuiiuary oxaniiM;Uinii n^xMl and its aiiiioxt^, if any, oslalilished on the intciuational 

2. A copy of the report and i!s annexes, if any, is bein;* tr.insniittod to the International Bm-eau for 
comunuiiciition to all the elected On ic*^. 

3. Wniere requijcd by any of the ele< ted Offic*^, tin* International IJurenu will prepare an English translation of 
the report (but not of any luinex(^) and will tnuisniit sncli transhition to those Offices. 

4. REMINDER 

Tlie applicant must enter tlie natiornil phase liefori* eaih elected Offi.v by perfoi-nnng certain acts (filing 
translations and payiiij* national fet>s) within m mouths fnin. (he priority date (or hiter in some Offi(ies)(ArtjeIe 
39(l)Xsee also the reminder sent by the Inlenintionjil IJnreaii with lM»rin P(;ril3:U)l). 

^^^lere a ti-anslation of the uiterna,ti»)na.l iipplical ion must be furnished to an elected Office, that transhition 
must contain a translation of any anncxi^ to the inteiiiational pivliniinary examination report. It is the 
applicant's responsibility to prepare^ and ruitiish such tnuislation diie*-lly to each elected Office concenicd. 

For fm-ther details on the applicable time limits and retpiireuuMits of the elected Offices, see Volmnc M of the 
per Applicant's Guide. 



Name and mailing address of tlie li^EA/US 
Coiiuiiissioner uf PjUciiIj* njuJ TrjuliMn-u k-s 

Box ixrr 

Wiuilmigtoii, D.C. 20a:il 
Facsimile No. (703) 30.'?-3230 




'IVIortLfoiio No. (TO.'i) .'jos-oion 



Form PCr/IPEA/416 (July 1992)* 



?EN't' COOPERATION TMEA" 

PCT 

INTERNATIONAL PHKI.I.MIXAItY lOX AM IXATION HKrORT 
(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
WST91BPCT 


FOR I'UKTIII-U ACnON Notification of Transmittal of 

Prciinnnary Examination Report (rorm 
Oi^r /im.- ^ / . — 


International application No. 
PCT/USOO/ 16989 


International filinjj date (Hity'/monUt/year) 
21 JUNE 2000 


Priority date (day/ month/year) 
'2S JUNE 1999 


International Patent Classification (IPC) or national cIas.sific;ition .iiiti IPC 
IPC(7): Cl2N 15/12; C07K 9/00; A61K 37/OJ and I'S CI.: .5.'J0/,'jr*0, 300; KJ.5/7. 1 


Applicant 

THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY 



Tliis international pi-eliminaiy examination report has been prepm-ed by tliLs LDtcniational Pi*eliniinary 
Examining AuUiority and is h-ausinitled tujiui-^pplirant ateording to Article 3G. 




This REPOBT consists of a total of \_y sheets. 

[TJ-'-'TGiriBport is also accompanied by ANNICXICS, i.e., sluvts of the doicription, chums and.br di-awing? which have 
'— ^ been amended and aj« Uie basis for this ivport and ()rsluvts containing it?e,tifi cations made before Uiis AuUiority. 
(see Rule 70.16 and Section 0()7 ()p4ltTr;V71niinisti-:ilive IrLstructioiLS under the 1*CT). 

Tliese annexes consist of a total (»f — s heels. 



3. Tliis report contains indications relatin** to the followin;^ items: 



I 




n 


□ 


m 




IV 


□ 


V 




VI 


□ 


vn 


□ 


vm 


□ 



Reasoned statement luider Article :iX'^) ^^ 't'' novehy, inventive step or indnsb-ial appliaU)ility; 

citations and exTlanatioris snppotiin^ such st;itement 



Date of submission of tlie demand 
16 JANUARY 2001 


Dato of compU tioii of tlii.s report 
;j I AUCU'ST jooi 


Name and mailing address of the I PEA/ US / 
Comniissioncr of PaXcnts aiul Traikiiuu-kB V 

Box per 

Waflhui^toii, D.C. 80231 
Facsimile No. (705) 305-3230 


""^^^yyiOPK ROBINSON 
TcK'pltoiu* No. (7o;J) .'JOS-oii)(> 



Form PCT/IPEA/409 (cover sheet) (July 1998)* 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



Inlcrnalional application No. 
PCT/USOO/ 16989 



Basis of the report 



1. With regard to the elements of Uie inlcrnalional application:* 
[ j the international application as originally filed 
the description: 



pages 
pages 
pages 



(Sec AlUchcd) 



_ , as originally filed 
filed with the demand 



filed with Ihc letter of 



I y[ the claims: 

pages (Sec Attached) 

pages 

pages 

pages 



, as originally filed 

, as amended (together w ith any statement) under Article 19 
, filed with the demand 



filed with the letter of 



[ x| the drawings: 

pages (Sec Attached) 

pages 

pages 



. as originally filed 

, filed with the demand 



filed with the letter of 



I x| the sequence listing part of the description : 

pages (Sec Attached) 

pages 

pages 



, as originally filed 

» filed with the demand 



filed with the letter of 



2. With regard to the Uintruajre, all tlie elements marked iiU)\e were a\ailable or fumislied to this Autliority in the language in which 
the international application was tiled, luiless olhenvisc indicated under this item. u u • 
These elements were available or furnished to tJiis Authority in the following languiige which is: 

[ I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 

[ I the language of publication of the international application (under Rule 48.3(b)). 

[ I the language of the translation furnished for tiie pur|-K)scs t)f international preliminar\ examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide antl/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 

contained in the international application in printed i'orm. 
I x[ filed together with the international application in computer readable form. 
[ I furnished subsequently to this Authority in written form. 
I [ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subseoucntly furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I 1 The statement that the infonnation recorded in computer readiible fomi is identical to tlie writen sequence listing has 
' — * been furnished. 

^ [ x| The amendments have resulted in the cancellation of: 

[3 the description, pa^cs NONE 

the claims, Nos. NON^ 

fx] the drawings, sheelsA^fg NONE 



5. This report has been drawn as if (some ol) tlie amendments had nvil lx;en made, since tliey have been considered to go 

beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)).** 
* Replacement sheets which have been fiirnished lo ihe receiving Office in response to an inviiaiion lauJer Article 14 are referred to 
in this report as "originally filed" and are not annexed to this report since they' d(* not contain amendments (Rules 70.16 
atui 70,17). 

**/lfiv replacement sheet containing such amendntems must he referred to under item I and annexed to this report, 



Form PCT/IPEA/409 (Box I) (July 1998)^ 



INTORNAITON/U. PlU5bIMLKAi{Y EXAMINATION KIOI'OKT 



IiKoniational application No. 
PCnVUSO0/l69S9 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 



L The questions wheUier tlie claimed invoiilioii ii[)|)o;us to ho to involv** an inwiilivo s*<-p (to be non obvious), or to be 

industrially a4^)plicable have not boon luid will not ho rxamiiu^l in n>^ptH l oC 

I I tlie entire international appliciition. 

fx] claims Nos. SO. 38. 45. 40. 0?). 72 



□ 



becaiise: 

Uie said intcmational application, oi- llio said claim Nos. _ relate to tlie followinj* subject matter wliich 
does not require international preliniin:irv examinalion (specify). 



pC] the description, claims or drawinjjs (indicaie pariicuiar elemeiUs below) or saJd clainjs Nos. .SO, 38, 4q, 46, 69, 
so 

Claims 20, 38, 4.5, 46, 69 and 72 will not bo cxaminod iK-caiist- no nicaniiiftful report could be rormcd as the claims are improper 
multiple dependents. 



'9 are 



[ I the claims, or said claims Xns. _ aro so inad*M|u;itel y supported by the description that no meaningful 
opinion could be formed. 

I I no international search report has been «slabiislMMl for said claims Nos. 



2. A meaningful international prcliminar>' cxmiiinalion cannot Ix* earned out duo to Uic failure of the nucleotide and/or amino acid 
sequence listing to comply with the sUuidiird pro\ ided for in Annex C of iJie AdininisU alive instructions: 

I I the written form has not been furnished or does not comply with the standard, 

I I the computer readable form has not been furnislied or does not comply with the standard. 



Form PCT/IPEA/+09 (Box 111) (July 1998)* 



INTERNATIONAL PRELIlNELNAJn' EXAMINATION Ult:r()irr 



liiteriiatioiia) application No. 
PCT/USOO/I69S9 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Inventive Step (IS) 



(;l;iims (I'lcasc Sec supplcMiiental sheet) 



(Jliijjiis (PIcnse See siippleincn tal sheet) 



Chliins (Please See supplemental sheet) 



(Please See supplemental sheet) 



YES 
NO 

YES 
NO 



Indus ti'ial Applicability (TA) 



('laitiis 
('Iniius 



(Please See sMp|>leiuen tat sheet) 



(Please See suppletuen tat sheet) 



YES 
NO 



2. citations and explanations (Rule 70.7) 

Claims 1-19, 21-37, 39-4-+, 47-68, 70-71 and 73-75 meet tt>e criteria set out in PCT Article 33(2)-(4), because the prior art does 
not teach or fairly suggest a sequence where tlie 'riir residue is not glycosylated an<l U' is not L-Val as the amended claims 
now recite. Therefore, the claimed invention meet tlie novelty criteria. 



Applicant's amendment filed 13 July 13 has been received and entered. The amendments to the claims was sufTicient to over 
the issues raised. 



NEW CITATIONS 



NONE 



Form PCT/IPEA/409 (Box V) (July iy*>S)* 



INTERNATIONAL PRELIAONAHV EXAMINATION KEI'OUT 



hicoriiRcTonat application No. 
I'CT/US00/I69S9 



Supplemental Box 

(To be iLsed when Uie space in any of Mio |)rtM «*<liii^ Imxi's is not sul Tii'ltMil) 

Continuation of: Boxes I - Vlii Sheet 10 

I. BASIS OF REPORT: 

This report has been drawn on Ihc basis of Ihc dcscripiion. 
page(s) 1-41, as originally filed. 
• page(s) NONE, filed with ihc demand, 
and additional amendments: 
NONE 

This report has been drawn on the basis of the claim.s, 
page(s) 44-47, 50-52, as originally filed. 

page(s) 42, 43, 48, 49 and 53, as amended under Arliele 19. 
page(s) NONE, filed with the demand, 
and additional amendments: 
NONE 

This report has been drawn on the basis of tiie drawings, 

page(s) 1-3, as originally filed. 

page(s) NONE, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the .sequence li.sling part of the descriplion: 

page(s) 1-16, as originally filed. 

pages(s) NONE, filed with ihe demand. 

and additional amendments: 

NONE 



V. 1. REASONED STATEMENTS: 

The report as to Novelty was positive (YES) with rcspcei to claims 1-19, 21-37. 39-44. 47-68, 70-71 and 73-75. 
The report as to Novelty was negative (NO) with respect to claims NONE. 

The report as to Inventive Step was positive (YES) with respect to claims 1-19, 21-37, 39-44, 47-68. 70-71 and 73-75. 
The report as to Inventive Step was negative (NO) with respect to claims NONE. 

The report as to Industrial Applicability was positive (YES) with respect to claims 1-19. 21-37, 39-44, 47-68, 70-71 and 73- 
75. 

The report as to Industrial Applicability was negative (NO) witli respect to claims NONE. 
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WHAT IS CLAIMED IS: 



1 . A peptide of the formula R^-Asp-Lys-Gly-X- Y-Leu-Pro-Arg-Pro-Thr- 
Pro-Pro-Arg-Pro-Ue-Tyr-X'-Y'-R^ SEQIDNO: 1, 

wherein B} is a moiety having a net positive charge; 

wherein is selected from the group consisting of a free hydroxyl, an 
amide, an imide, a sugar, and a sequence of one or up to about 15 additional amino 
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said 
additional amino acids being independently selected from L-configuration or D- 
configuration and said additional amino acids capable of cyclizing the peptide by 
bridging between the N- and C- termini thereof; 

wherein X and Y form a dipeptide selected from the group consisting of 
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino 
acids, said dipeptide resistant to cleavage; and 

wherein X' and Y' form a dipeptide selected from the group consisting 
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or unnatural 
amino acids, said dipeptide resistant to cleavage 

2. The peptide according to claim 1, wherein R^ is selected from the group 
consisting of (a) a straight chain, branched, cyclic or heterocyclic alkyl group, 

(b) a straight chain, branched, cyclic or heterocyclic alkanoyl group, 

(c) a positively charged reporter group; and 

(d) between 1 to 15 additional amino acids independently selected from 
L-configuration or D-configuration; said additional amino acids optionally substituted 
by one or more of (a), (b) or (c), and said additional amino acids capable of cyclizing 
the peptide by bridging between the N- and C- termini thereof 
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3. The peptide according to claim 2, wherein said group (d) are amino 
acids which have been cyclized by the insertion into the structure of the amino acid of 
modifying sugars or imide. 

4. The peptide according to claim 2, wherein said group (a) is 1- 
aminocyclo-hexane carboxylic acid. 

5. The peptide according to claim 2, wherein said R^ group (d) is selected 
from the additional amino acid residues L-Val-, D-Val-, Arg-Val-, Lys-Val-, Lys-Val- 
Asp-Lys-Val- SEQ ID NO: 5, and -Arg-Pro-Pro-Thr-Pro-Arg-Pro-Leu-Lys-Val- SEQ 
ID NO: 3. 

6. The peptide according to claim 1, wherein said R^ group is selected 
from Acetyl-Arg-Val-; Acetyl-Lys-Val-; and Acetyl-Lys-Val-Asp-Lys-Val- SEQ ID 

NO: 29. 

7. The peptide according to claim 2, wherein said R^ group (c) is biotin. 

8. The peptide according to claim 2 wherein said R^ group provides a 
detectable signal, optionally upon interaction with other compounds. 

9. The peptide according to claim 8 wherein said R^ group (c) is 5(6) 
carboxyfluorescein. 

10. The peptide according to claim 2 wherein R^ group (c) is radioactive. 

11. The peptide according to claim 2 wherein R^ group (d) is a spacer 
interposed between the N- terminus and C- terminus of said peptide, permitting 
cyclization of said peptide. 
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39. The peptide according to claim 1 wherein at least one conventional 
amide bond between two amino acids in said sequence is replaced with a non-cleavable 
bond. 

40. The peptide according to claim 39, wherein said non-cleavable bond is a 
thio-amide bond or a reduced amide bond. 

41 . A composition comprising multiple peptides of the formula 
R^-Asp-Lys-Gly-X-Y-Leu-Pro-Arg-Pro-Thr-Pro-Pro-Arg-Pro-Ile-Tyr-X'-Y'-R^ SEQ 
IDNO:l, 

wherein is a moiety having a net positive charge; 

wherein R^ is selected from the group consisting of a free hydroxyl, an 
amide, an imide, a sugar, and a sequence of one or up to about 5 additional amino 
acids, optionally substituted with a free hydroxyl, an amide, an imide or a sugar, said 
additional amino acids being independently selected from L-configuration or D- 
configuration and said additional amino acids capable of cyclizing the peptide by 
bridging between the - and C- termini thereof; 

wherein X and Y form a dipeptide selected from the group consisting of 
Ser-Tyr and a dipeptide formed of naturally occurring amino acids or unnatural amino 
acids, said dipeptide resistant to cleavage, 

wherein X' and Y* form a dipeptide selected from the group consisting 
of Asn-Arg, and a dipeptide formed of naturally occurring amino acids or unnatural 
amino acids, said dipeptide resistant to cleavage. 

42. The composition according to claim 41, comprising at least two 
peptides, wherein the second peptide is attached to any amino acid of the first peptide. 

43. The composition according to claim 42, wherein additional peptides are 
attached to any amino acid of the other peptides in the composition. 
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44. The composition according to claim 41, comprising at least two said 
peptides, wherein at least one or more of said peptides is attached to a carrier. 

45. The composition according to claim 41, comprising at least two 
peptides of claim 1, wherein the second or additional peptides is attached to a branched 
construct of the other peptides in the composition. 

46. The composition according to claim 41, comprising at least two 
peptides of claim 1, wherein each additional peptide is covalently linked to R^of 
another peptide in the composition. 

47. The composition according to claim 41, which comprises a multiple 
antigenic peptide. 

48. The composition according to claim 47, wherein said multiple antigenic 
peptide comprises a 3-alanine substituent on a poly-lysine core. 

49. The composition according to claim 47, comprising at least four 
peptides. 
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72. A compound produced or identified by the method of claim 68 or 69. 
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1 1 Rule 80.5. 
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r— 1 Although the date of receipt of the demand is after the expiration of 19 months from the priority date, the delay in arrival 
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WRITTEN OPINION 
(PCT Rule 66) 



Applicant's or agent's file reference 
WST91BPCT 



International application No. 
PCT/USOO/16989 



Datevof Mailing 
(daylmmthlyear) 



2 wmim 



REPLY DUE 



International filing date (day/month/year) 
21 JUNE 2000 



within TWO months 

from the above date of mailing 



^rcm'?'ci2^^^^ bom national classification and IPC 

iri^u;* t,iZN 15/12, C07K 9/00; A61K 37/02 and US CL: 530/350, 300; 435/7.1 



Priority date (day/7nonth/year) 
23 JUNE 1999 



Applicant 

THE WISTAR INSTITUTE OF ANATOMY AND BIOLOGY 



1. This written opinion is Uie 



(first, etc.) drawn by this International Preliminary Examining Authority. 



2. This opinion contains indications relating to the following items: 
Basis of the opinion 
II 1^ Priority 

III □ Non-establishment of opinion with regard to novelty, inventive step or industrial applicability 
Lack of unity of invention 

VI I I Certain documents cited 

Certain defects in the international application 

V.11 □ 

Certain observations on the international application 
3. The applicant is hereby invited to reply to this opinion. 

ttJBSr jr^^r?;'"^. . "T ,ii..M , „n, . | l„r, nr 



How? 
Also 



For an additional opportunity to submit a.nci.dments, see Rule 66 4 

fZ aJTin^^^T/ "^^^^^^'^ ^° amendmente and/or arguments, see Rule 66.4 bis 

For an informal communication with the examiner, see Rule 66 6 
If no reply .s Hied, the international preliminary examination report will be estabUshed on the basU of this opinion. 
4. The final date by which the international preliminary 

examination report must be established according to Rule 69.2 is: 23 OCTOBER 2001 
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Commissioner of Patents and Tradcmarics 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 
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Authorised officer 
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JOYCE BfUOGERS 
PARAlfGAL SPECIALIST 



(703) 308- 




OPINION 



Ir^^^^onal application No. 
PCT/USOO/ 16989 



L Basis of the opinion 



1. With regard to the elements of the international application:* 
I X I the international application as originally filed 
the description: 

pages ^"^^ 

pages NONE 

pages 



, as originally filed 

, filed with the demand 



NONE 



filed with the letter of 



I x| the claims: 

pages 42-53 

pages NONE 

pages NONE 

pages NONE 



, as originally filed 

. , as amended (together with any statement) under Article 1 9 
. filed with the demand 



filed with the letter of 



1-3 



j x| the drawings: 

pages 

pages NONE 

pages 



, as originally filed 

, filed with the demand 



NONE 



[x] the sequence listing part of the description: 

pages 

pages 



. filed with the letter of , 



NONE 



, as originally filed 

, filed with the demand 



pages 



NONE 



. filed with the letter of , 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in ^^ch 
the international application was filed^ unless othenvise indicated under this item. 

These elements were available or furnished to this Authority in the following language wdiich is: 

I I the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I I the language of publication of the international application (under Rule 48.3(b)). 

I I the language of the translation tiimished for the purposes of international preliminaiy examination (under Rules 55.2 and/ 
or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the written opinion was 
drawn on the basis of the sequence listing: 

contained in the international application in printed form. 
I x| filed together with the international application in computer readable form. 
I [ furnished subsequently to this Authority in written form. 
I I furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 
international application as filed has been furnished. 

I I The statement that the information recorded in computer readable fonn is identical to the writen seqiience listing has 
' — ' been furnished. 

4 I x| The amendments have resulted in the cancellation of; 

Q the description, pages NONE 

13 the claims, Nos. NONE 

fxl the drawings, sheets/fig NONE 



5. I I This opinion has been drawn as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 

* Replacement sheets which have been fitmished to the receiving Office in response to an invitation under Article 14 are referred to 
in this opinion as "originally fiUd**. 
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V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. statement 

Novelty (N) 



Claims 5-29, 31-72 
Claims 1-4. 30 



Inventive Step (IS) 



Industrial Applicability (lA) 



Claims 5-29. 31-72 
Claims 1-4, 30 



Claims 1-72 



Claims NONE 



YES 
NO 

YES 
NO 



YES 
NO 



2. citations and explanations 

Claims 1-4 and 30 Uck novelty under POT Article 33(2) as being anticipated by Hoffman et al. (Biochimica et Biophysica Acta, 
Vol. 1426. 1999, pages 459-467). 

Hoffman disclose a peptide v/hich consists of the formula contained in SEQ ID Nos: 1 and 16 with a 100% sequence 
identity (see claims 1 and 30). Furthermore, Hoffman disclose antibacterial glycopeptidcs isolated from insects that have 
incorporated O-linked sugars. Moreover, the reference discloses compounds such as pyrrhocoricin and dorsocin and the N- 
terminal proline-rich region of diptericin (has an additional O-gylcosylation site) which shows a great deal of amino acid and 
carbohydrate homology. Therefore, the reference anticipates the claimed invention. 

Claims 1-4 and 30 lack an inventive step under PCT Article 33(3) as being obvious over Hoffman et al. ((Biochimica et 
Biophysica Acta, Vol. 1426, 1999. pages 459-467). As the reference anticipates the claimed invention, the invention aUo lacks 
an inventive step. 

Claims 5-29 and 31-72 meet the criteria set out in PCT Article 33(2)-(4), because the prior art docs not teach or fairly suggest 
peptides comprising the claimed sequences. Thus, the claimed invention meets the PCT Article requirement. 

NEW CITATIONS 



NONE 
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TIME LIMIT: 

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1, 484(d). Any response 
received after the expiration of the time limit set in the Written Opinion will not be considered in preparing the International 
Preliminary Examination R^rt. 
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